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[Title of the Invention] 

Image Synthesis Apparatus and Virtual Experiencing 
Apparatus Using the Same 

[Abstract] 
[Object] 

To provide an image synthesis apparatus that can render 
a virtual world more close to the real world such as by 
synthesizing a real space image and a virtual space image 
and displaying the synthesized image, and a virtual 
experiencing apparatus using the image synthesis 
apparatus . 
[Constitution ] 

An image display device 20 is mounted on a player 50 
so as to cover his/her field of vision. The player 50 is 
also equipped with an image camera 10 for imaging a real 



space image 100 in the player 50 's view. A player space 
sensor 12 detects 3D information for the player 50, A 
virtual view image calculation unit 70 calculates a virtual 
3D space and a virtual view image 102 that the player 50 
will see in the virtual 3D space, based on manipulation 
signals from a manipulation unit 38 and detected signals 
from the player space sensor 12 . And the virtual view image 
102 and the real space image 100 taken by the image camera 
10 will be synthesized by a displayed image synthesis device 
80 and output to the image display device 20 as a displayed 
image 104 . 

[Claims] 
[Claim 1] 

An image synthesis apparatus, characterized in that 

said apparatus comprises: 

image display means to be mounted on an operator 

covering his/her field of visions- 
imaging means to be mounted on an operator for imaging 

a real space image in the operator's view; 

an operator space sensor for detecting 3D information 

for the operator in a real 3D spacer- 
virtual view image calculation means for calculating 

a virtual 3D space to be superimposed on said real 3D space 

and a virtual view image that will be seen by the operator 

in the virtual 3D space, based on detected signals from said 

operator space sensor; and 



displayed image synthesis means for synthesizing said 
virtual view image and a real space image imaged by said 
imaging means as a displayed image, and 

said image display means displays said displayed 
5 image . 

[Claim 2] 

A virtual experiencing apparatus, characterized in 
that said apparatus comprises: 

a vehicle which an operator gets aboard; 
10 a manipulation unit provided in said vehicle for the 

operator to enter manipulation signals; 

image display means to be mounted on the operator 
covering his/her field of vision; 

imaging means to be mounted on the operator for imaging 
15 a real space image in the operator' s view; 

an operator space sensor for detecting 3D information 
for the operator in a real 3D space; 

virtual view image calculation means for calculating 
a virtual 3D space to be superimposed on said real 3D space 
20 and a virtual view image that will be seen by the operator 
in a virtual 3D space, based on manipulation signals from 
said manipulation unit and detected signals from said 
operator space sensor; and 

displayed image synthesis means for synthesizing said 
25 virtual view image and a real space image imaged by said 
imaging means as a displayed image, and 
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said image display means displays said displayed image, 
and one can simulate the sense of manipulating the vehicle 
through the manipulation unit. 
[Claim 3] 

5 A virtual experiencing apparatus for games, 

characterized in that said apparatus comprises: 

a weapon to be used by a player in battling against 
a game character; 

image display means to be mounted on the player 
10 covering his/her field of vision; 

imaging means to be mounted on the player for imaging 
a real space image in the player' s view; 

a player space sensor for detecting 3D information for 
the player in a real 3D space; 
15 a weapon space sensor for detecting 3D information for 

the weapon in a real 3D space; 

virtual view image calculation means for calculating 
a virtual 3D space representing a game space to be 
superimposed on said real 3D space and a virtual view image 
20 that will be seen by the player in the virtual 3D space, 
based on detected signals from said weapon space sensor and 
said player space sensor; and 

displayed image synthesis means for synthesizing said 
virtual view image and a real space image imaged by said 
25 imaging means as a displayed image, and 
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said image display means displays said displayed image, 
and one can simulate a battle against a game character with 
a weapon. 
[Claim 4] 

The virtual experiencing apparatus for games 
according to claim 3, characterized in that said virtual 
view image calculation means comprises: 

a virtual 3D space calculation unit that calculates 
a virtual 3D space representing a game space to be 
superimposed on said real 3D space based on a predetermined 
game program and detected signals from said weapon space 
sensor; and 

a view image calculation unit that calculates a virtual 
view image that will be seen by the player based on detected 
signals from said player space sensor. 
[Claim 5] 

The virtual experiencing apparatus for games 
according to claim 3 or 4, characterized in that said 
virtual view image calculation means calculates a virtual 
3D space using manipulation signals from said weapon. 
[Claim 6] 

The virtual experiencing apparatus for games 
according to any one of claims 3 to 5, characterized in that 
said virtual view image calculation means calculates each 
player' s game result with detected signals from said weapon 
space sensor, or with manipulation signals from said weapon 
and detected signals from said weapon space sensor, and 



varies the setting of a virtual 3D space representing a game 
space for each player based on the result. 
[Claim 7] 

A virtual experiencing apparatus for games, 
5 characterized in that said apparatus comprises: 

image display means to be mounted on a player covering 
his/her field of vision; 

imaging means to be mounted on the player for imaging 
a real space image in the player's vision; 
10 a player space sensor for detecting 3D information for 

the player in a real 3D space; 

moving object detection means for detecting the orbit 
in real space of a ball used by the player in a sport play; 

virtual view image calculation means for calculating 
15 the orbit of a ball and a virtual 3D space representing a 
play field to be superimposed on said real 3D space and a 
virtual view image that will be seen by the player in the 
virtual 3D space, based on detected signals from said moving 
object detection means and said player space sensor; and 
20 displayed image synthesis means for synthesizing said 

virtual view image and a real space image imaged by said 
imaging means as a displayed image, and 

said image display means displays said displayed image, 
and one can simulate a sport play using a ball. 

25 

[Detailed Description of the Invention] 
[0001] 



[Field of the Invention] 

The invention relates to an image synthesis apparatus 
for synthesizing a real space image and a virtual space 
image and displaying the synthesized image, and to a virtual 
experiencing apparatus using the same. 
[0002] 
[Prior Art] 

In recent years, a variety of virtual experiencing 
apparatuses using a system known as what is called virtual 
reality have been proposed in fields such as driving 
simulators, flight simulators, game apparatuses, and 
simulating systems for system kitchens or the like. The 
foremost technical challenge for such virtual experiencing 
apparatuses has been how to render virtual worlds more close 
to the real world. 
[0003] 

One of the known image display devices for enabling 
one to experience a virtual world is a device referred to 
as a head mounted display. This type of device has a 
configuration that a display device such as a liquid crystal 
display can be mounted in front of the eyes of an operator, 
e.g. a game player, covering his/her field of vision. The 
head mounted display is provided with a device called a 
space sensor, which can detect 3D information for the player. 
And, by generating images based on signals detected by the 
space sensor and displaying them on the display device of 
the head mounted display, it is possible to allow the player 



to experience common movements like looking around in a 
virtual world with a sense as real as. doing it in real space. 
[0004] 

However, this type of display has proven to have 
drawbacks as follows when used in a driving game, for 
example . 
[0005] 

That is, since a head mounted display can cover a 
player's entire field of vision with a LCD or the like, the 
player cannot actually see a wheel, gear, navigation panel, 
his/her hands and legs, or surrounding people, etc. in the 
real world in which the player is really operating the game. 
This can cause the player to make errors in manipulating 
a wheel or gear, giving him/her a feeling that the 
operability of the game is not satisfactory. In addition, 
there has been another problem that a player cannot get 
enough sense of presence since he/she can't see a speed 
meter or a tachometer indicated on an operation panel. 
[0006] 

One of possible ways for overcoming such drawbacks is 
to render all of a wheel, gear, and operation panel with 
computer graphics and displaying them to players. But 
images reproduced with computer graphics are nothing but 
virtual ones and are unable to fully reproduce a wheel and 
gears as they look in the real world. In particular, a 
recent trend in this type of driving games has been that 
the body of a racing car used for actual Formula races is 



installed in a game arcade so that a player can feel that 
he/she is driving a real racing car and enjoy enhanced sense 
of presence and reality. Meanwhile, the above-mentioned 
technique of reproducing a car body with computer graphic 
5 fails to provide such an extent of sense of presence and 
reality that can be realized by the installation of a real 
car , 
[0007] 

Thus, the conventional image display device known as 
10 a head mounted display still has a technical challenge of 
rendering virtual worlds more close to the real world, when 
it would be preferred to employ real images that one should 
see in real space. 
[0008] 

15 It has been also found that the head mounted display 

has a following defect when used in a roll-playing game, 
for example. 
[0009] 

That is, the space sensor of a head mounted display 
20 detects only the position and orientation of a player. 

Therefore, when a display of that type is used in a combat 
roll-playing game, it cannot correctly recognize at which 
position and in which direction a player is holding his/her 
weapon, making it difficult to determine correctly and 
25 fully whether a particular player has beaten an enemy 

character. As a result, when a weapon is what is called 
a combat sword, or when a weapon is a combat gun and thus 



aims at quite small targets, a problem is encountered that 
the result of a battle can't be readily determined, 
[0010] 

Thus, when used for a combat roll-playing game for 
5 example, the conventional image display devices known as 
head mounted displays do not allow a battle result to be 
determined correctly, thus still has the above-mentioned 
technical challenge of rendering virtual worlds more close 
to the real world. 
10 [0011] 

The invention has been achieved in view of such 
challenges and has the object of providing an image 
synthesis apparatus enabling a virtual world more close to 
the real world to be produced, such as by synthesizing a 
15 real space image and a virtual space image and displaying 
the synthesized image, and to a virtual experiencing 
apparatus using the same. 
[0012] 

[Means for solving the Problems] 

20 For attaining the object, the image synthesis 

apparatus according to the invention includes: image 
display means to be mounted on an operator covering his/her 
field of vision; imaging means to be mounted on the operator 
for imaging a real space image in the operator's view; an 

25 operator space sensor for detecting 3D information for the 
operator in a real 3D space; virtual view image calculation 
means for calculating a virtual 3D space to be superimposed 
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on a real 3D space and a virtual view image that will be 
seen by the operator in the virtual 3D space, based on 
detected signals from the operator space sensor; and 
displayed image synthesis means for synthesizing the 
5 virtual view image and the real space image imaged by the 
imaging means as a displayed image, characterized in that 
the image display means displays the displayed image. 
[0013] 

Further, the virtual experiencing apparatus according 

10 to the invention includes: a vehicle which an operator gets 
aboard; a manipulation unit provided in the vehicle for the 
operator to enter manipulation signals ; image display means 
to be mounted on the operator covering his/her field of 
vision; imaging means to be mounted on the operator for 

15 imaging a real space image in the operator's view; an 

operator space sensor for detecting 3D information for the 
operator in a real 3D space; virtual view image calculation 
means for calculating a virtual 3D space to be superimposed 
on the real 3D space and a virtual view image that will be 

20 seen by the operator in a virtual 3D space, based on 
manipulation signals from the manipulation unit and 
detected signals from the operator space sensor; and 
displayed image synthesis means for synthesizing the 
virtual view image and a real space image imaged by the 

25 imaging means as a displayed image, characterized in that 
the image display means displays the displayed image, and 
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one can simulate the sense of manipulating the vehicle 

through the manipulation unit. 

[0014] 

Further, the virtual experiencing apparatus according 
to the invention includes: a weapon to be used by a player 
in battling against a game character; image display means 
to be mounted on the player covering his/her field of 
vision; imaging means to be mounted on the player for 
imaging a real space image in the player's view; a player 
space sensor for detecting 3D information for the player 
in a real 3D space; a weapon space sensor for detecting 3D 
information for a weapon in a real 3D space; virtual view 
image calculation means for calculating a virtual 3D space 
representing a game space to be superimposed on the real 
3D space and a virtual view image that will be seen by the 
player in the virtual 3D space, based on detected signals 
from the weapon space sensor and the player space sensor; 
and displayed image synthesis means for synthesizing the 
virtual view image and a real space image imaged by the 
imaging means as a displayed image, characterized in that 
the image display means displays the displayed image, and 
one can simulate a battle against a game character with a 
weapon. 
[0015] 

In that case, the virtual view image calculation means 
preferably includes a virtual 3D space calculation unit 
that calculates a virtual 3D space representing a game space 



to be superimposed on the real ' 3D space based on a 
predetermined game program and detected signals from the 
weapon space sensor, and a view image calculation unit that 
calculates a virtual view image that will be seen by the 
player based on detected signals from the player space 
sensor . 
[0016] 
[Operation] 

According to the image synthesis apparatus of the 
invention, it is possible to synthesize a virtual view image 
in a virtual 3D space that has been calculated based on an 
operator space sensor and a real space image imaged by the 
imaging means mounted on the operator, by the displayed 
image synthesis means. As a result, the operator can see 
an image in which an image of a real object in real space 
is incorporated to a virtual view image in a virtual 3D space 
that can be arbitrarily configured with a program or the 
like, thus can experience a virtual world that is more close 
to the real world. 
[0017] 

According to the virtual experiencing apparatus of the 
invention, the above-mentioned image synthesis apparatus 
allows one to see an image of a vehicle, its manipulation 
unit or the like in real space. 
[0018] 

Hence, when the apparatus is used for a driving game, 
for example, sense of presence in the game can be greatly 



enhanced in that one can ride in and drive a real car in 
a virtual space at his/her command. Moreover, one can enjoy 
greatly increased operability since he/she can see images 
of a kind that has not been available in existing driving 
5 games, e.g. an image expanding in every direction, and can 
drive the car while watching its wheel and instruments, 
which capability has not been offered in conventional 
virtual experiencing apparatuses. 
[0019] 

10 Further, according to the virtual experiencing 

apparatus of the invention, 3D information for a weapon used 
in fighting with a game character can be detected by a space 
sensor, making it possible to correctly determine whether 
a particular player has beaten a enemy character or not. 

15 As a result, each player's skill may be accurately judged 
in a multi-player game, for example, significantly adding 
to the sense of presence in a game, 
[0020] 

In such a type of game, by calculating each player's 
20 game result and varying the settings of a virtual 3D space 
representing a game space for each player based on the 
result, a virtual experiencing apparatus can be provided 
that can provide a game space adapted for each player's 
skill and thus amuse a player even if he/she has played it 
25 multiple times. 
[0021] 

[Embodiments of the Invention] 



In the following, preferred embodiments of the 
invention will be described in detail with drawings. 
1. A first embodiment 

Figure 1 shows a block diagram of a first embodiment 
5 using the invention. Figure 2 shows an example of a virtual 
experiencing apparatus as a driving game to which the 
embodiment is applied. 
[0022] 

In Figure 2 (a) , a real racing car 30 for a game is 
10 installed on the floor 4 of a dome 1 whose interior is 
entirely painted blue . The floor 4 is also all painted blue 
as the interior of the dome 1. And an operator such as a 
player 50 of the game is aboard the racing car 30. The term 
^'operator" intends to embrace all people who utilize the 
15 virtual experiencing apparatus, including a pilot 

operating a flight simulator, a player playing some sport 

or the like, in addition to game players. 

[0023] 

The racing car 30 may comprise a car body 36, tires 
20 32, a rear wing 34, wheel 40, sideview mirrors 41, an 

instrument panel 44, shift gear, accelerator, and brake 
(not shown) , etc. Front tires 32 are designed to be freely 
controlled with the player 50' s operation of the wheel 40, 
and the rear wing 34 is also designed in such a way that 
25 it can move up and down with the player' s manipulation or 
change in the speed of the racing car 30. And, as described 
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later, the player 50 can see these motional changes through 

an image camera 10, 

[0024] 

The instrument panel 44 may contain a speed meter, 
5 tachometer, fuel gauge, alarm (not shown) , which are 

adapted to shift in accordance with the player 50' s driving 
conditions. Specifically, when the player 50 operates an 
accelerator, brake, shift gear or the like, the indication 
on the speed meter and tachometer can change accordingly; 

10 and the fuel gauge is adapted to reflect the decrease of 
fuel as a game comes close to its end. And the alarm blinks 
when some trouble occurs to the engine or the like of the 
racing car 30, and the player 50 can see it through the image 
camera 10. 

15 [0025] 

An attitude control unit 24 is installed under the 
racing car 30, controlling change in the attitude and 
acceleration of the racing car 30 in response to game 
situations (changes in the road surface or road type) and 
20 the player 50' s operation of the wheel, accelerator, and 
brake. The player 50 thereby can experience changes in car 
attitude and acceleration G, a virtual world that is more 
close to the real world. 
[0026] 

25 The player 50 wears head mounted element 9 that covers 

his/her field of vision. The head mounted element 9 
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comprises an image camera 10, a player space sensor 12, an 

image display device 20, and a speaker 22. 

[0027] 

Figures 4 (a) and (b) show exemplary configurations of 
5 the head mounted element 9. Figure 4 (a) illustrates a head 
mounted element 9 comprising an image camera 10, player 
space sensor 12, image display device 20, and speaker 22 
provided on a helmet 14. This type of head mounted element 
can completely isolate a player 50 from the outer world with 

10 the helmet 14, allowing him/her to enjoy a virtual world 
with more sense of presence. Meanwhile, the head mounted 
element 9 shown in Figure 4 (b) attaches the image camera 
10, player space sensor 12, image display device 20, and 
speaker 22 integrally to a mounting band 16, thereby 

15 realizing a user-friendly light weight design. Head 

mounted elements used with the embodiment are not limited 
to the configurations in Figures 4 (a) and (b) , but head 
mounted elements of various other configurations may be 
adopted. 

20 [0028] 

The image display device 20 is mounted in front of the 
player 50 's eyes covering his/her field of vision, and 
displays image signals as images that are sent from an image 
synthesis device embedded in the car body 36 through a 
25 connection line 18. For displaying images, a small display 
such as a color LCD and small CRT is desirably used, since 
the head mounted element 9 should be small enough to be more 
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comfortable to wear. Also, optical correction is 
preferably used in order to focus a player's eyes on images 
and also to expand their angle of vision field for enhanced 
sense of presence. 
5 [0029] 

The configuration of the small display may be one that 
covers a player's field of vision along his/her facial 
contour to give him/her a panoramic image effect, or a 
separate small display may be disposed in front of each of 

10 a player's eyes. In the latter case, the displays are 

desirably designed to provide 3D stereoscopic effect, such 
as by supplying two-dimensional images containing parallax 
to each eye. This is because such a configuration can allow 
one to grasp the size of objects and the distances to objects 

15 for realizing the production of more realistic virtual 
worlds . 
[0030] 

The image camera 10 is used by a player 50 to see the 
real world, positioned close to the player 50' s point of 

20 view (the position of eyes) as shown in Figure 4, and its 
angle desirably correspond with the direction of the player 
50' s FOV. Such a design enables images of the real world 
that the player 50 can actually see to be seen more naturally. 
This can lead to production of a game world with more reality 

25 and tension where the player 50 can check another player's 
racing car chasing from behind by actually turning around, 
for example . 
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[0031] 

Alternatively, another image camera may be attached 
on the rear side of the head mounted element 9, for example, 
so that the player 50 can switch between two cameras. 
5 Moreover, sideview mirrors 41, rearview mirrors or the like 
may be provided on the racing car 50 that can show images 
that would be actually seen behind the player by means of 
a technique like texture mapping. 
[0032] 

10 The image camera 10 desirably employs as its imaging 

means a high-resolution and smaller camera such as a 
high-resolution CCD camera, preferably with functions 
including automatic focusing or the like. 
[0033] 

15 The player space sensors 12, 12 are for detecting 3D 

information for the player 50, one provided on the ceiling 
of the dome 1 and the other on the head mounted element 9 
of the player 50, for example, 
[0034] 

20 3D information for the player 50 herein refers to 

information on the player 50' s position and view 
orientation, detected by determining relative positional 
relations of the sensors 12, 12 including their 
orientations in 3D space. In a case, due to some setting 

25 of a game, the player 50' s position does not change, or, 
if any, the change is within an acceptable range, 3D 
information does not need to include information on the 



player 50' s position. Similarly, if the player 50' s FOV 
orientation does not change in some games, 3D information 
need not include information on the player's FOV. In those 
cases, subsequent calculation of images may be performed 
5 with information on a player's position and FOV that have 
been set for a game. 
[0035] 

The space sensors 12, 12 may detect 3D information with 
the following techniques. Each of the sensors 12, 12 may 

10 consist of three coils orthogonal to one another. Current 
applied to the coils of one sensor 12 induces current to 
the coils of the other space sensor 12, and, from the current 
value, positional relationships including the orientations 
of the sensors 12, 12 can be determined. In this manner, 

15 space information for the player 50 can be detected. 
[0036] 

In addition to the above method using dynamic magnetic 
field, other techniques using static magnetic field or 
ultrasonic wave may be used for the space sensors 12, 12 
20 to detect 3D information. 
[0037] 

The image synthesis according to the embodiment will 
be now described. 
[0038] 

25 As shown in Figure 2(b), the embodiment synthesizes 

a real-space image 100 in a real 3D space taken by the image 
camera 10 and a virtual view image 102 in a virtual 3D space 
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to form a displayed image 104. The displayed image 104 is 
then output to the image display device 20 through the 
connection line 18 to be a view image that the player 50 
actually sees. 
5 [0039] 

The embodiment carries out the image synthesis through 
blue matte synthesis. With this technique, all things 
except the racing car 30, its accessories, and the player 
50 himself /herself , that is, the interior of the dome 1 and 

10 the floor 4 are all painted blue. As a result, all area 
in the real space image 100 except for the racing car 30, 
wheel 40, and the player's hand 54 will appear as a blue 
background. All pixels in the blue portion of the real 
space image 100 are then set as blank dots, onto which the 

15 virtual view image 102 can be superimposed to produce the 
displayed image 104. In this example, the background of 
a circuit that the player 50 would see will be mainly 
displayed on the dome 1, and the surface of the road on which 
the racing car 30 is traveling will appear on the floor 4. 

20 [0040] 

A block diagram of an exemplary image synthesis device 
for this case is shown in Figure 1 . 
[0041] 

In the drawing, a virtual view image calculation device 
25 70 calculates virtual images to be seen by the player 50 
in a virtual 3D space, it including a virtual 3D space 
calculation unit 72 and a view image calculation unit 76, 



The virtual 3D space calculation unit 72 calculates a 
virtual 3D space to be superimposed on a real 3D space for 
showing a predefined game space, and the view image 
calculation unit 76 calculates a virtual view image that 
would be seen in the player 50 's view orientation from the 
calculated virtual 3D spaces. 
[0042] 

A program unit 74 stores therein a calculation program 
for a game . In this driving game example of the embodiment, 
every object on a circuit that composes a driving game space 
(such as a racing car, road, other racing cars, a background 
to be seen on the road) is represented by combinations of 
polyhedrons, and 3D information for each vertex of those 
polyhedrons and relevant data are stored as image 
information. The program unit 74 also stores other 
programs such as one controlling the process of a game, and, 
for a game offering drive oh multiple circuits, stores 
information on all of the circuits. 
[0043] 

Manipulation signals entered by the player 50 through 
the wheel 40, accelerator, brake, and shit gear are input 
to the virtual 3D space calculation unit 72 via a 
manipulation unit 38. And, from the manipulation signals 
and information from the program unit 74, the position and 
orientation of the racing car 30 within a virtual 3D space 
can be calculated in real time. Based on that calculation, 
image information on the racing car 30 in a virtual 3D space 
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and all of the surrounding objects on the circuit is output 

to the view image calculation unit 76, 

[0044] 

The view image calculation unit 76 performs coordinate 
5 transformation as follows based on 3D information detected 
by the player space sensor 12. That is, as shown in Figure 
12, image information calculated by the virtual 3D space 
calculation unit 72 (such as image information on objects 
170, 172 like billboards and buildings constituting a 

10 background screen) is transformed from a world coordinate 
system (XW, YW, ZW) in a virtual 3D space to a coordinate 
system for the player 50' s view point {XV, YV, ZV) . And 
image information on objects out of the player 50' s FOV, 
e.g., the object 172 of a billboard that will pass backward 

15 out of a player's FOV, is clipped to be removed, and image 
information for the object 170 within the player's FOV is 
perspective-transformed to a screen coordinate system (XS, 
YS) , i.e., a coordinate system the player 50 can actually 
see. In this case, the perspective-transformed image 

20 information is represented by combinations of polygons 174 , 
175, and 176 (polygons on the opposite side omitted) that 
correspond to the polyhedron constituting the object 170. 
Then, based on associated information on colors or 
luminance given to each polygon or each vertex of the 

25 polygons, image information for all dots in the polygons 
174, 175, and 176 is calculated and output as virtual view 
image information to a displayed image synthesis device 80, 
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[0045] 

The displayed image synthesis device 80 synthesizes 
the virtual view image 102 from the view image calculation 
unit 7 6 and a real space image 100 from the image camera 
5 10. Although the synthesis may be done with various 

techniques, the embodiment adopts blue matte synthesis as 
noted above. Figure 13 shows the details of the displayed 
image synthesis device 80 for that case. 
[0046] 

10 As the drawing shows, in the displayed image synthesis 

device 80, image signals entered through the image camera 
10 that represent the real space image 100 are first 
filtered 200 to be divided into components of the three 
primary colors, or RGB. Then, each of those color 

15 components is A/D converted into 8-bit digital data for 
example, by an A/D converter circuit 202 , thereby obtaining 
24-bit RGB digital data for each pixel. It is then 
calculated and determined for each pixel whether the i24-bit 
RGB digital data for each pixel of the real space image 100 

20 matches with the 24-bit RGB digital data for the blue color 
painted on the interior of the dome 1 and the floor 4, at 
a blank dot determination circuit 204. And the 
determination result is written to blank dot memory 206. 
The blank dot memory 206 comprises 1-bit memory 

25 corresponding to all pixels of a displayed image, and blank 
dot determination data on whether a pixel is a blank dot 
or not will be written to it as 1-bit data for each pixel. 
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[0047] 

The displayed image synthesis device 80 therein embeds 
a field buffer 210 corresponding to each pixel of a 
displayed image. And blank dot determination data written 
5 in the blank dot memory 206 is referred to by a data control 
unit 208, and a real space image is written into each pixel 
location of the field buffer 210. That is, when a pixel 
is determined to be a blank dot from blank dot determination 
data, a real space image will not be written to the location 
10 for the pixel in the field buffer 210. On the contrary, 
when a pixel is determined not to be a blank dot from blank 
dot determination data, 24-bit RGB digital data for a real 
space image will be written to the buffer as it is. 
[0048] 

15 Then, the data control unit 208 refers to blank dot 

determination data written in the blank dot memory 206, and 
overwrites virtual view image information calculated by the 
view image operation unit 76 to each pixel location of the 
field buffer 210. That is, when a pixel is determined to 

20 be a blank dot from blank dot determination data, virtual 
view image information will be written as it is. On the 
contrary, when a pixel is determined not to be a blank dot 
from blank dot determination data, nothing will be written 
to the pixel location; a real space image will be thus 

25 displayed in the location. 
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[0049] 

Having written such information, data control unit 208 
reads image information data on each pixel location from 
the field buffer 210. The image information data is then 
5 output as an image to the image display device 20 through 
the connection line 18, allowing the player 50 to see in 
real time the displayed image 104 which incorporates the 
virtual view image 102 into the real space image 100. 
[0050] 

10 The writing and reading of image information are 

desirably performed simultaneously, by designing the field 
buffer 210 to correspond to two screens, for example. 
[0051] 

Further, in addition to the calculation of image 
15 information, the virtual 3D space calculation unit 72 

generates sound signals to be output through the speaker 
22 via a sound synthesis unit 78, and attitude control 
signals for controlling the attitude of the racing car 30. 
It means that sound signals and attitude control signals 
20 - that can increase effects are generated in accordance with 
conditions of a game within a game space that are calculated 
from a game program in the program unit 74 and manipulation 
signals from the manipulation unit 38, thereby enhancing 
sense of presence in a game. 
25 [0052] 

Although in the embodiment the virtual view image 
calculation device 70 is divided to the virtual 3D space 
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calculation 72 and the view image calculation unit 76, this 
is just for convenience; the device 70 may perform 
integrally the function of calculating 3D spaces and the 
function of calculating view images. That is to say, any 
calculation sequences and calculation methods may be 
employed other than the configuration in Figure 1 as long 
as they make it possible to produce virtual view images for 
the player 50' s view orientation in a virtual 3D space. 
[0053] 

Similarly, the displayed image synthesis device 80 may 
use various techniques for image synthesis such as image 
synthesis using red instead of blue, or image synthesis 
using a number of colors, in addition to the above method. 
[0054] 

Also, for example, the view image calculation unit 76 
may use a technique known as texture mapping instead of the 
above method for obtaining image information for all dots 
in the calculated polygons. With texture mapping, each 
vertex of an object in a virtual 3D space is given beforehand 
with texture coordinates that specify texture information 
to be pasted to the vertex. After calculation of the 
transformation to a view point coordinate system or the like, 
texture information is read from texture information memory 
using the texture coordinates as its address and pasted to 
polygons, so that image information for all dots in the 
polygons can be calculated. 
[0055] 



The prime advantage of calculating image information 
with texture mapping technique is that the load of a 
calculation part can be significantly decreased. And the 
technique can further provide a variety of novel image 
5 effects including the followings. 
[0056] 

That is, image cameras 43 are attached to sideview 
mirrors 41 of the racing car 30. Then, as shown in Figure 
14, a real space image 105 of a rear view taken by one of 

10 the cameras 4 3 and a rear virtual view image 106 are 

synthesized to create a sideview mirror image 108, which 
in turn is pasted with texture mapping onto the portion of 
the sideview mirror 41 in the displayed image 104 to be seen 
by the player 50, In this manner, the sideview mirrors 41 

15 will display images that synthesize the rear real space 
image 105 and the rear virtual view image 106 similarly to 
the displayed image 104 in Figure 2 (b) . This enables 
production of a more realistic virtual world where a player 
can see an image synthesized from an image of an opponent's 

20 racing car 31 chasing from behind and the background and 
a real image of the player' s own racing car 30 on the sideview 
mirrors 41. 
[0057] 

Figure 15 shows another example of image effects by 
25 texture mapping . As shown in Figure 15 (a) , in this example, 
the racing car 30 for the player 50 and the racing car 31 
for the opponent player 52 are individually installed in 



separate domes. Image cameras 26 installed in the domes 
take pictures of the heads 28 of the players 50 and 52 from 
• four directions. The image data on the players' heads 28 
is then pasted onto the portion of the opponent player 52' s 
5 head in a virtual view image 102 with texture mapping, as 
shown in Figure 15(b). This allows the player 50 to see 
a real image of the other player' s head when looking back, 
greatly enhancing the sense of presence in the game. In 
particular, when the opponent player 52' s racing car 31 

10 catches up with the player 50' s racing car 30 and the two 
cars are traveling side-by-side, the player 50 may see the 
opponent's triumphant look; a more realistic and exciting 
game thus can be realized that stimulate the rivalry between 
players . 

15 [0058] 

Although Figure 15 shows that the heads 28 of the 
players are taken by the image cameras 26 from four 
directions, at least information on the front images of 
players' heads 28 need to be obtained, and image information 

20 for other directions may be created by the virtual 3D space 
calculation unit 70. Also, instead of imaging the players' 
heads 28 with the image cameras 26, it is possible to take 
still pictures of the players with a still camera and 
register them prior to a game start and use them in the play. 

25 [0059] 

Figure 16 shows a simplified block diagram of exemplary 
image synthesis using texture mapping. 
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[0060] 

When texture mapping is used to synthesize images, the 
view image calculation unit 76 may be configured as the 
drawing . 
5 [0061] 

Image information on each object that has been output 
from the virtual 3D space calculation unit 72 is represented 
by vertex coordinates VX, VY, and VZ of polygons 
constituting each object, and texture vertex coordinates 

10 VTX, VTY, etc. given to each of the polygon vertexes . Here, 
the texture coordinates TX, TY specify texture information 
to be pasted to each polygon, which information stored in 
a texture store unit 308 with texture coordinates TX, TY 
as its address. And the texture vertex coordinates VTX, 

15 VTY represent texture coordinates at the location of each 
polygon's vertexes of the texture coordinates TX, TY. 
[0062] 

The vertex coordinates VX, VY, VZ and the texture 
vertex coordinates VTX, VTY, etc. are input to a vertex 

20 coordinate transformation unit 300. The vertex coordinate 
transformation unit 300 then performs coordinate 
transformation such as perspective transformation, and 
outputs the result to a sorting circuit 302. The sorting 
circuit 302 has a configured priority in processing 

25 respective polygons. The priority is set such that 

polygons close to a player's view point are preferentially 
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processed, and remaining polygons are processed based on 

the priority. 

[0063] 

A processor unit 304 determines coordinates for 
displaying all dots of each polygon and texture coordinates 
TX, TY from the transformed vertex coordinates and texture 
vertex coordinates of each polygon. And the resulting 
texture coordinates TX, TY are written into a field buffer 
unit 306 with the displaying coordinates as addresses, 
[0064] 

In displaying images, the texture coordinates TX, TY 
are read from the field buffer unit 306, and, using them 
as an address, texture information is read from the texture 
store unit 308 to generate a virtual view image. 
Subsequently, a displayed image synthesis device 80 
synthesizes the generated image and a real space image . 
[0065] 

In this manner and with following calculations, 
sideview mirror images 108 can be displayed on the sideview 
mirrors 41. The sideview mirrors 41 are painted blue for 
example, and those portions are configured to display 
images calculated by the image synthesis device. 
[0066] 

In this case, the sideview mirror image 108 in Figure 
14 is first created through image synthesis. Specifically, 
a virtual view image 106 of a rear view is calculated by 
the virtual 3D space calculation unit 72 and the view image 



calculation unit 76, as in Figure 16. A real space image 
105 of a rear view is also taken by the image camera 43. 
And the displayed image synthesis device 80 synthesizes the 
rear virtual view image 106 and the rear real space image 
5 105 to produce a synthesized sideview mirror image 108. 
[0067] 

The sideview mirror image 108 is then returned to the 
texture store unit 308 as shown in Figure 16. And the image 
information on the sideview mirror image 108 is written to 

10 the location of the texture coordinates corresponding to 
the sideview mirrors 41 within the storage area of the 
texture store unit 308. Subsequently, the displayed image 
synthesis device 80 synthesizes a virtual view image 102 
which shows the sideview mirror image 108 in the above way 

15 and a real space image 100 taken by the image camera 10. 
As a result, a displayed image 104 can be created that 
displays the sideview mirror images 108 over the sideview 
mirrors 41. 
[0068] 

20 In the case where a real image of an opponent player's 

head is displayed with the Figure 16 configuration, images 
taken by the image camera 26 are directly written into the 
texture store unit 308, as shown in the drawing. That is, 
to the location of the texture coordinates corresponding 

25 to an opponent player's head within the storage area of the 
texture store unit 308, image data taken by the image camera 
26 is written in real time. This can produce a displayed 
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image in which a real image of the opponent player 52' s head 
is shown over a virtual view image 102 that the player 50 
would see. 
[0069] 

5 In the case pictures are taken by a still camera, a 

picture of the opponent player will be stored in the texture 
store unit 308 as image data in a registration stage before 
starting a play. 
[0070] 

10 Further, texture mapping in this embodiment is not 

limited to the configuration in Figure 16, but any kinds 
of texture mapping may be used. 
[0071] 

This embodiment of the above configuration thus can 
15 provide a game with significant sense of presence that could 
not experienced with existing driving games. 
[0072] 

Firstly, conventional driving games provide a game 
screen showing a circuit or the like only in front of a player 

20 50 and thus somewhat lack sense of presence. Whereas a 
player 50 may look in 360 degrees in the embodiment, thus 
can feel greatly increased sense of presence in a game. 
This is particularly true when the embodiment is applied 
to a multi-player driving game, where a player 50 can see 

25 opponent players chasing him/her by actually looking back, 
or by using the sideview mirrors 41 and rearview mirrors 
designed as described above and thus get more sense of 
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presence. In such a case, as noted above, pasting real 
space images of opponent players to a virtual space image 
with texture mapping can enhance the reality and tension 
of the game. 
5 [0073] 

Also, in this embodiment, since a player 50 can get 
in a real racing car 30 in real 3D space and further can 
drive it at command in virtual 3D space for a game, he/she 
can experience a virtual world more close to the real world. 

10 Specifically, the player 50 can operate the car 30 while 
actually checking the movements of the racing car 30, tires 
32, rear wing 34 in the real 3D world, opponent players shown 
on the sideview mirrors 41 or the like with his/her eyes 
through the image camera 10. Moreover, since manipulation 

15 units, such as the wheel 40, instrument panel 44, 

accelerator, brake, and shift gear, can be manipulated by 
the player 50 while actually seeing them through the image 
camera 10 as described above, the operability and reality 
of a game can be greatly enhanced. In such a case, games 

20 with much sense of presence can be provided if the control 
by the attitude control unit 24 and sounds to be output to 
the speakers 22 are varied depending on game conditions. 
[0074] 

Figure 3 illustrates an example of a virtual 
25 experiencing apparatus as a flight simulator to which the 
first embodiment is applied. 
[0075] 



In the Figure 3(a), blue-colored mattes (hereinafter 
referred to as "a blue matte") are applied to the right-side 
windows 2 and left-side windows 3 of a cockpit 45, and a 
displayed image 104 will be embedded to the blue mattes with 
5 a technique similar to the one described above . Figure 3 (b) 
shows that mechanism. The drawing shows that a virtual view 
image 102 is embedded to a real space image 100 of the left 
window 3 to create a synthesized display image 104. 
[0076] 

10 In this example, a pilot 46 and an instructor 48 will 

be presented with different displayed images 104. This is 
because the virtual view images 102 are calculated by 
detecting the view orientation for each of the pilot 46 and 
the instructor 48 through the player space sensors 12 . Thus 

15 it is possible to create image effects like an image that 
looks different with view orientations, e.g. an image that 
the instructor 4 8 can see but the pilot 4 6 can ' t, and thereby 
realize a virtual world with increased reality. Such 
effects may not be provided by an existing method that 

20 simply provides CRT displays on windows or one that displays 
CRT images on windows with half mirrors. 
[0077] 

In this embodiment, the pilot 46 can further simulate 
the manipulation of an airplane while watching an operation 
25 panel 47 and a control stick 42 in the cockpit 45 and the 
instructor 48 's face through the image camera 10. 
Manipulation errors thus can be dramatically decreased 
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since one can operate an airplane operation panel 47, which 
is generally considered to be complex and difficult to 
manipulate, by actually seeing it through the image camera 
10. 
5 [0078] 

That is, with a method that creates all of the operation 
panel 47, the control stick 42 or the like with image 
synthesis for example, operability for the pilot 46 can lack 
reality. And since such a method also requires that the 

10 pilot 46 wear data gloves, and manipulations done by the 
pilot 46 to the operation panel 47 and the control stick 
42 are detected based on manipulation signals from the 
gloves, the scale of a system can be enormous. Thus, such 
a system has a drawback that it has an enormous scale yet 

15 provides insufficient operability for a pilot 46 and 
induces more operation errors. 
[0079] 

Meanwhile, the embodiment can avoid such 
disadvantages by providing the cockpit 45 of the same 

20 structure as that of a real airplane. In addition, the 
embodiment allowing the pilot 46 to see the instructor 48 
sitting next to him/her, the pilot can correctly follow the 
instructor 48 's directions, and, when making some 
manipulation error, may see the instructor 48 ' s angry look, 

25 experiencing a more realistic flight simulator. 
2 . A second embodiment 
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Figure 5 shows a block diagram of a second embodiment . 
Figure 6 shows an example of a virtual experiencing 
apparatus as a roll-playing game to which the embodiment 
is applied. 
5 [0080] 

As shown in Figure 5, the second embodiment replaces 
the manipulation unit 38 of the first embodiment with a 
weapon 58 for battling against enemy characters, provides 
a weapon space sensor 64 to the weapon 58, and incorporates 
10 a game result calculation unit 68 into the virtual 3D space 
calculation unit 72. 
[0081] 

As shown in Figure 6(a) , the roll-playing game to which 
the second embodiment is applied comprises a setting that 

15 multiple players 50, 52 and so on having a weapon 58 such 
as a sword 60 make teams to defeat enemy characters 66 . Each 
player puts on a head mounted element 9 similar to that in 
the first embodiment and plays a game while watching a 
displayed image 104 appearing on the player * s image display 

20 unit 20. 
[0082] 

The interior of an attraction room 110 is all painted 
blue, thereby enabling blue matte synthesis described above . 
Attached on the ceiling of the attraction room 110 are a 
25 space sensor 12 for detecting 3D information for the player 
50 and so on, and a space sensor 64 for detecting 3D 
information for the swords 60 as a weapon. The attraction 
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room 110 being a space of almost the same size as game space 
in which the players actually play, the players 50 and 52 
and so on walk around in the attraction room 110 by 
themselves to fight against the enemy characters 66. 
[0083] 

As shown in Figure 6(b), a real space image 100 is an 
image taken by the image camera 10 mounted on the player 
50, showing his/her own hand 54, the second player 52 
standing in front of him/her or the like on a background 
of the blue-colored attraction room 110. The image 100 and 
a virtual view image 102 that is created in a similar way 
as in the first embodiment will be synthesized to produce 
the displayed image 104. In this example, the virtual view 
image 102 shows a labyrinth, door, floor or the like that 
make a game space, in addition to the enemy character 66. 
[0084] 

This configuration allows the player 50 to defeat the 
enemy character 66 in combination with the second player 
52 watching the displayed image 104. Communication with 
the second player 52 may be made through the speaker 22. 
And judgment on whether the enemy character 66 has been 
beaten or not is made through the weapon space sensor 64 
attached to the sword 60. 
[0085] 

Specifically, the weapon space sensors 64, 64 may 
detect 3D information such as the position and orientation 
of the sword 60, for example. Based on the information. 



the virtual 3D space calculation unit 72 in Figure 5 
accurately determines through calculation whether an 
attack with the sword 60 against the enemy character 66 has 
succeeded or failed. When the attack has been successful, 
it may be indicated on the image display devices 20 of the 
players 50, 52 and so on in real time, such as by clearing 
the enemy character 66 from the game space. The players 
thus can see the enemy character 66 has been dead or not, 
and, in the former case, can proceed to a following 
labyrinth to fight with another enemy character 66. In this 
way, the embodiment can change the scenario of a game within 
a created game space depending on the skill of the players 
50, 52, providing a virtual experiencing apparatus that can 
amuse players even when they have played it many times. 
[0086] 

In this embodiment, a game result for each player, such 
as the number of enemy characters 66 he/she defeated, is 
calculated with the game result calculation unit 68 based 
on 3D information from the weapon space sensor 64, and 
output to the image display device 20 or the like of each 
player. The players thereby can check each player' s or each 
team's result after a game or during a game in real time. 
In this way, the excitement in games can be dramatically 
enhanced since players can compete with each other over 
their skills in real time. 



[0087] 

Although the embodiment uses a real space image taken 
by the image camera 10 as image information on the second 
player 52 to be seen by the player 50, the embodiment is 
5 not limited thereto. For example, the second player 52 may 
be displayed as a character that is synthesized at the 
virtual 3D space calculation unit 72, rather than a real 
space image of the player. This may produce such an image 
effect that the second player will develop as he/she beats 
10 more enemy characters 66 within a game, adding to the appeal 
of the game. 
[0088] 

Replacement of a real space image of other players with 
a character image produced with image synthesis may be 

15 realized with following techniques. For example, each 
player wears a combat outfit of different colors, i.e. 
colors different from that of the interior of the attraction 
room 110, and image synthesis is performed with a method 
similar to the blue matte technique described in the first 

20 embodiment. Specifically, the second player may wear read 
outfit, and only the red-color portion is extracted with 
the image camera 10 as in the above example and set as blank 
dots. Then, an image of a character to be displayed over 
other players may be overwritten to the blank dots so as 

25 to produce an image in which the character image for the 
second player 52 is superimposed on the real space image 
100. Subsequently, only the blue portion is extracted from 
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the overwritten image and set as blank dots, onto which a 
virtual view image 102 showing the enemy character 66 and 
the labyrinth may be overwritten. In this manner, a 
displayed image 104 which replaces the second player 52 with 
5 a character image can be obtained. Texture mapping 

described above may be used to replace the image of the 

second player 52. 

[0089] 

Although the embodiment uses a sword 60 as a weapon58, 
10 the embodiment is not limited to this; any kinds of weapons 
such as ray guns may be used. In the case of ray guns, 
information on whether a player has fired a gun or not will 
be required. Hence such information is input to the virtual 
3D space calculation unit 72 to be used for the calculation 
15 of a game space, as shown in Figure 5. 
[0090] 

Figure 7 (a) is an illustration of a virtual 
experiencing apparatus as an attraction facility of riding 
type to which the embodiment is applied. 
20 [0091] 

In this attraction, the players 50 and 52 ride on a 
vehicle 116 which moves on rails 118 laid in an attraction 
room 110, The attraction room 100 is provided with various 
dioramas 114, and a blue-painted background matte 112 on 
25 its interior. The players 50 and 52 compete with each other 
by shooting enemy characters 66 with their ray guns 62. 
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Figure 7 (b) shows the image synthesis in this example, which 
can be done in the same way as in the first embodiment. 
[0092] 

The application of the embodiment to attraction 
5 facilities has advantages as follows. 
[0093] 

Once constructed, a conventional attraction facility 
typically has had great difficulty in modifying its 
contents due to its large size and a high cost. It results 

10 in requirement for taking some measure to attract players 
who have played the game multiple times. In this regard, 
the embodiment uses the same georamas 114 for every game, 
yet can readily address this problem by changing a virtual 
image of a game space pro j ected on the background matte 112 . 

15 Further, the embodiment can overcome the conventional 

challenge more effectively by providing the game result 
calculation unit 68 in the virtual 3D space calculation unit 
72. 

[0094] 

20 To be specific, the number of the enemy characters 66 

shot by each player is calculated in real time by the game 
result calculation unit 68, and the virtual image 102 to 
appear on each player's image display device 20 may be 
varied depending on the calculated number, or each player's 

25 skill. For example, for players with higher skills, 

increased number of stronger enemy characters 66 may be 
shown in the virtual view image 102. Moreover, such a 
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configuration is also possible that a number of 
predetermined courses within a game space shown in the 
virtual view image 102 are provided and any one course can 
be chosen depending on a game result. This can provide an 
5 attraction facility which a player can enjoy in every play 
since he/she can experience a different virtual reality 
world for each game play and thus. 
[0095] 

Another advantage of the embodiment is that more 
10 realistic attractions can be realized by employing real 
space images for the georamas 114 or the like in the 
attraction room, in addition to its ability to provide such 
attraction facilities that never bore players. 
[0096] 

15 For example, in the case that the vehicle 116 is a 

roller-coaster type, players could enjoy more thrilling and 
breathtaking attractions when the georamas 114 they see are 
shown as real space images. If all objects in a user's view 
are created with image synthesis, the speed, tension and 

20 drive that a roller coaster would have in itself cannot be 
thoroughly reproduced. On that point, the embodiment 
allows one to see another player next to him/her as a real 
space image, bringing out the features of a roller coaster 
more fully. 

25 [0097] 

Also, when the georamas 114 are objects that touch 
players' hands, showing them as real space images can 

- 43 - 



provide attractions with increased sense of presence. 
This is shown in an attraction in Figure 8 to which the 
embodiment is applied. 
[0098] 

5 Shown in Figure 8 is an attraction for simulating a 

flight in a space ship 134 and battle. 
[0099] 

In this attraction, multiple players climb aboard the 
space ship cabin 120 of the space ship 134 , as shown in Figure 

10 8(a). The space ship cabin 120 look extremely alike the 
inside of a real space ship, provided with pilots' seats 
and combatants' seats or the like. In particular, the 
control stick 132, operation panel 130, and combat gun 144 
which players would directly touch are elaborate re- 

15 creations of real ones, 
[0100] 

Players aboard the space ship cabin 120 are disposed 
to pilots' seats, combatants' seats or the like according 
to their roles as a pilot, co-pilot, and gunners. And the 

20 pilot 146 and co-pilot 147 in the pilot seats operate the 
space ship 134 with the control stick 132 and operation 
panel 130 or the like, dodging meteorites 140 or the like 
projected on the pilot seat window 122 with blue matte 
technique described above. In this example, the 

25 embodiment attaches a space sensor 12 to each player as 
described earlier, calculating each player's view 
orientation and indicating a view image thus obtained on 
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the image display device 20. As a result, the meteorites 
140 coming close to the space ship 134 can be configured 
to look different for each of the pilot 146, co-pilot 147, 
and gunner 14 8; an attraction with enhanced sense of 
5 presence and reality thus can be provided. And the pilot 
14 6 and the co-pilot 147 may feel as if they were navigating 
a real space ship since they can operate the ship by using 
the control stick 132 and operation panel 130 that are 
fabricated taking after real ones. 
10 [0101] 

The gunners 148 and 149 disposed at combatants' seats 
will shoot a space ship 142 that is projected on a left window 
124 and a right window 125 through blue matte technique, 
with a combat gun 144 as a weapon. A game result may be 
15 calculated by the game result calculation unit 68 and 

indicated as a game result for all the crew during a game 

in real time, or after a game. 

[0102] 

As shown in Figure 8 (b) , the space ship 134 is of a 
20 structure that controls the attitude and acceleration G of 
the vehicle with an attitude controller 138 using hydraulic 
pressure or the like in accordance with game progression 
and players' manipulation signals, so as to enhance its 
reality. 
25 [0103] 

In such a manner, this embodiment enables each player 
to have his/her own role and play in combination with other 
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players in an extremely realistic space ship, providing an 

unwearying and realistic attraction. 

[0104] 

Although the embodiment of the foregoing description 
5 positions the image display unit 20 and the image synthesis 
unit (such as the virtual view image calculation unit 70 
and displayed image synthesis unit 80 of Figure 5) at 
separate locations and connects them with the connection 
line 18, the embodiment is not limited to this 
10 configuration; the image synthesis unit may be incorporated 
to the image display unit 20, or the two units may be 
connected with a two-way radio 160 as shown in Figure 9, 
[0105] 

Figures 9(a) and (b) show a walking attraction in which 
15 a player 50 equipped with a head mounted element 9, two-way 
radio 160, and ray gun 62 walks through a labyrinth 150 for 
himself /herself to beat enemy characters 66. In such an 
attraction where a player gets through the labyrinth 150 
by himself /herself , players are desirably enabled to move 
20 with an additional degree of freedom. Thus, a player is 
connected with the image synthesis unit via the two-way 
radio 160 in the embodiment. The radio may use infrared, 
for example . 
[0106] 

25 Along the labyrinth 150, there are a window 152, 

painting 154, elevator 156, and door 158, etc. The entire 
area of the window 152 and a portion of the painting 154 
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where the enemy character 66 would appear are covered with 
blue matte. 
[0107] 

The insides of the elevator 156 and the door 158 are 
5 painted blue. This can realize a configuration that the 
enemy character 66 may jump out of the elevator or the door 
when the player 50 presses an elevator button to open the 
elevator, or turns the doorknob to open the door, an 
attraction suitable as a game having elements of a haunted 

10 house. Since the embodiment uses real elevator buttons and 
doorknobs in this example as well, the player 50 can operate 
such objects while watching real images of them and thus 
enjoy a more realistic virtual world. 
3. A third embodiment 

15 Figure 10 shows a block diagram of a third embodiment 

of the invention. And Figure 11 shows an exemplary virtual 
experiencing apparatus where the embodiment is applied to 
golf. Golf is merely one of possible applications; the 
embodiment may be applied to various kinds of other sports. 

20 [0108] 

As Figure 10 shows, the third embodiment replaces the 
manipulation unit 38 of the first embodiment with ball image 
cameras 84 and 86, and moving object detection devices 88 
and 90, an embodiment suitable for ball games. 
25 [0109] 

Figure 11(a) shows an example of indoor golf to which 
the second embodiment is applied. This embodiment relates 
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to a virtual experiencing apparatus with which a player 50 
can experience a virtual world by playing golf in a play 
room 162 with a feeling almost the same as that in the real 
world. 
5 [0110] 

In Figure 11(a), the interior of a play room 162 is 
entirely painted blue, and the player 50 wears a head 
mounted element 9 of the same design as the one in the first 
embodiment. And the player 50 will hit a real golf ball 
10 166 with a real golf club 164 as if he/she were in an actual 
golf course. 
[0111] 

On the walls of the play room 162, images of a golf 
course created by the virtual 3D space calculation unit 72 

15 are projected via the image display device 20, and the 
player 50 thus can get a feeling of standing on a real golf 
course. When the player 50 looks forward, a virtual view 
image 102 of the green 162 of a golf course is projected 
in the direction of his/her view, as shown in Figure 11(b) . 

20 [0112] 

When the player 50 hits the golf ball 166, the ball 
166 is taken by the ball image cameras 84 and 86. Based 
on taken images, the moving object detection devices 88 and 
90 calculate the coordinates of the center of the gravity 
25 of the golf ball 166, and, from the data, estimates the 
subsequent orbit of the golf ball 166 by calculation. The 
virtual 3D space calculation unit 72 then draws a golf ball 

- 48 - 



orbit on a golf course configured in a virtual world based 
on the estimation and synthesizes the image of virtual space 
and a real space image 100 to display it on the image display 
device 20. As a result, the player 50 can see the golf ball 
166 he/she hit flying away to the green 162 in the displayed 
image 104 . 
[0113] 

Now, how a moving object or the golf ball 166 can be 
detected will be described. 
[0114] 

The ball image cameras 86 and 89 are for serially taking 
pictures of the golf ball 166, being installed at different 
positions and different angles within the play room 162 as 
shown in Figure 11 (a) . And the picture data taken by these 
cameras is input to data extraction units 92 and 94 in the 
moving object coordinates detection units 88 and 90 as frame 
advance frame data. The data extraction units 92 and 94 
extract only the picture data of the ball by means of 
background processing. Specifically, the difference 
between frame data that does not contain the ball and frame 
data for which the golf ball 166 is present is determined 
and overwritten to image memory called a frame buffer. This 
process results in image data that contains only the images 
of the golf ball 166. 
[0115] 

Next, from the obtained image data, the coordinate 
detection units 96 and 98 determine the 2D coordinates of 



the golf ball 166 position, e.g. the position of its center 
of gravity, which is output to the virtual 3D space 
calculation unit 72. 
[0116] 

The virtual 3D space calculation unit 72 determines 
3D coordinates in virtual 3D space from the two 2D 
coordinates of the golf ball 166 detected at the moving 
object detection units 88 and 90, That is, since the 
virtual 3D ispace calculation unit 72 store in advance the 
defined positions and angles of the ball image cameras 84 
and 86 within virtual 3D space, it is possible to determine 
the 3D coordinates in virtual 3D space from the stored data 
and detected two 2D coordinates. Then, from the 3D 
coordinates, the orbit of the golf ball 166 in virtual 3D 
space may be calculated through spline interpolation, for 
example, and output to the view image calculation unit 76 
together with data on the golf course background. 
[0117] 

The orbit of the golf ball 166 may be estimated with 
various techniques other than the above way. For instance, 
it may be estimated from the direction of hitting and the 
initial speed on impact, or from the sound at the moment 
of hitting. 
[0118] 

It is also possible to show an image seen from the green 
162, in addition to an image seen by the player 50, on the 
image display device 20 by the player 50' s switching signals. 



for example. This can be realized by setting a view point 
position on the green 162 when the view image calculation 
unit 76 converts view points . With this setting, the player 
50 can see the golf ball 166 actually flying away to the 
5 green 162 and the golf ball 166 approaching the green 162 
simultaneously, and thus enjoy a feeling that could never 
be experienced in a golf play in the real world . 
[0119] 

According to the embodiment of the foregoing 
10 configuration, the player 50 may play golf in the play room 
162 as if he/she were in a real golf course. A ball game, 
golf, for example, requires the player 50 to correctly 
recognize the moment he/she hits the golf ball 166 with the 
club 164.. If the images of the club 164 and the golf ball 
15 166 at the moment of hitting are reproduced with image 
synthesis, for example, the feeling of play can deteriorate 
and reality of the game can decrease . Besides, plays cannot 
be reproduced with accuracy. 
[0120] 

20 The embodiment can avoid such problems and provide more 

accurate and realistic golf plays, since it allows a player 
to see his/her golf club 164, golf ball 166, and his/her 
own swings in real space images obtained through the image 
camera 10. It thus is optimal as a virtual experiencing 

25 apparatus for ball game training. 
[0121] 
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The invention is not limited to the foregoing 
embodiments, but various modifications may be made within 
the scope of the invention. 
[0122] 

5 For example, although the embodiments use blue matte 

technique to synthesize a virtual view image and a real 
space image, this technique is not the only way of image 
synthesis in the invention. Various techniques may be 
employed, including one that uses a color other than blue, 
10 one that uses multiple colors and combine them to synthesize 
images, and one that uses texture mapping. 
[0123] 

Also, the virtual experiencing apparatus to which the 
present invention is applied may be applied to various 

15 experiencing apparatuses other than the applications set 
forth in the embodiments above. Possible applications 
include a flight simulator for a helicopter, virtual 
medical operation experiencing apparatus, virtual studio, 
virtual zoo, virtual design system, virtual telephone, 

20 virtual video conference, virtual baseball experiencing 
apparatus, virtual ski, and virtual football, etc. 
[0124] 

[Advantages of the Invention] 

With an image synthesis apparatus according to the 
25 invention, a virtual view image and a real space image can 
be synthesized, and an operator will be able to experience 
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a virtual world that incorporates an image of real objects 

into virtual 3D space. 

[0125] 

Thus, when the invention is applied to a driving game, 
a player can enjoy view images that has been previously 
unavailable, e.g. an image expanding in 360 degrees, and 
can experience a virtual world that is more close to the 
real world since he/she uses a wheel or instruments in a 
real space image . 
[0126] 

Further, providing a space sensor also in a weapon for 
use in a battle against game characters can aid in 
determining each player's skill, greatly enhancing sense 
of presence and tension in a game. 
[0127] 

Further, by calculating players' results in a game and 
varying the settings of virtual 3D space representing game 
space for each player or based on the result, a virtual 
experiencing apparatus can be provided that will amuse a 
player even if he/she has played it multiple times. 

[Brief Description of the Drawings] 
[Figure 1] 

Figure 1 is a block diagram showing a configuration 
of a first embodiment of the invention. 
[Figure 2] 



Figure 2 schematically illustrates the first 
embodiment applied to a driving game. 
[Figure 3] 

Figure 3 schematically illustrates the first 
embodiment applied to a flight simulator. 
[Figure 4] 

Figure 4 schematically illustrates the shape of a head 
mounted element. 
[Figure 5] 

Figure 5 is a block diagram showing a configuration 
of a second embodiment of the invention. 
[Figure 6] 

Figure 6 schematically illustrates the second 
embodiment applied to a roll-playing game. 
[Figure 7] 

Figure 7 schematically illustrates the second 
embodiment applied to a riding-type attraction. 
[Figure 8] 

Figure 8 schematically illustrates the second 
embodiment applied to a space ship attraction. 
[Figure 9] 

Figure 9 schematically illustrates the second 
embodiment applied to a walking-type attraction. 
[Figure 10] 

Figure 10 is a block diagram showing a configuration 
of a third embodiment of the invention. 
[Figure 11] 



Figure 11 schematically illustrates the third 
embodiment applied to a golf experiencing apparatus, 
[Figure 12] 

Figure 12 schematically illustrates a coordinate 
5 conversion in the embodiments. 
[Figure 13] 

Figure 13 is a schematic block diagram showing an 
exemplary configuration of a displayed image synthesis 
device , 
10 [Figure 14] 

Figure 14 schematically illustrates how to display an 
image on a sideview mirror. 
[Figure 15] 

Figure 15 schematically illustrates how to paste a real 
15 space image onto a face portion of an opponent player with 
texture mapping technique . 
[Figure 16] 

Figure 16 is a schematic block diagram showing an 
exemplary configuration for realizing texture mapping 
20 technique. 



[Description of Symbols] 

9 ... head mounted element 

10 ... image camera 
25 12 . . . space sensor 

20 ... image display device 
38 ... manipulation unit 
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10 



50 

58 

64 

68 

70 

72 

76 

80 

84, 

88, 

100 

102 

104 



. player 
. weapon 
. weapon sensor 

. game result calculation unit 
. virtual view image calculation unit 
. virtual 3D space calculation unit 
. view image calculation unit 
. displayed image synthesis device 
8 6 ... ball image camera 
90 ... moving object detection device 
. . . real space image 
. . . virtual view image 
. . . displayed image 
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Figure 1 

10 IMAGE CAMERA 

12 PLAYER SPACE SENSOR 

20 IMAGE DISPLAY DEVICE 

5 22 SPEAKER 

24 ATTITUDE CONTROLLER 

38 MANIPULATION UNIT 

70 VIRTUAL VIEW IMAGE CALCULATION DEVICE 

72 VIRTUAL 3D SPACE CALCULATION 

10 7 4 PROGRAM 

7 6 VIEW IMAGE CALCULATION 

78 SOUND SYNTHESIS 

80 DISPLAYED IMAGE SYNTHESIS DEVICE 

15 Figure 2 

1 DOME 

4 FLOOR 

9 HEAD MOUNTED ELEMENT 

10 IMAGE CAMERA 
20 12 SPACE SENSOR 

20 IMAGE DISPLAY DEVICE 

30 RACING CAR 

50 PLAYER 

100 REAL SPACE IMAGE 

25 102 VIRTUAL VIEW IMAGE 

104 DISPLAYED IMAGE 
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Figure 5 

10 IMAGE CAMERA 
12 PLAYER SPACE SENSOR 
20 IMAGE DISPLAY DEVICE 
5 22 SPEAKER 
58 WEAPON 

64 WEAPON SPACE SENSOR 

68 GAME RESULT CALCULATION 

70 VIRTUAL VIEW IMAGE CALCULATION DEVICE 
10 72 VIRTUAL 3D SPACE CALCULATION 
7 4 PROGRAM 

7 6 VIEW IMAGE CALCULATION 
78 SOUND SYNTHESIS 

80 DISPLAYED IMAGE SYNTHESIS DEVICE 

15 

Figure 10 
10 IMAGE CAMERA 
. 12 PLAYER SPACE SENSOR 
20 IMAGE DISPLAY DEVICE 
20 7 0 VIRTUAL VIEW IMAGE CALCULATION 
72 VIRTUAL 3D SPACE CALCULATION 
7 4 PROGRAM 

7 6 VIEW IMAGE CALCULATION 
80 DISPLAYED IMAGE SYNTHESIS DEVICE 
25 8 4,86 BALL IMAGE CAMERA 

88,90 MOVING OBJECT DETECTION DEVICE 
92,94 DATA EXTRACTION 
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Figure 13 
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Figure 16 
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[0 0 4 01 z.<Dm^(Dmm't0s.&m(D-m^m-rzfa 
[0 0 4 11 01 izis{,^xumm.^mmmwi&m i o 

tt. ^ig!3;j5i:7C^FBUc*JliTy^— \'5 0 /i^a^S - tT^^ 

Sl^Se? 2RtX«§^iii«ti^SLgg7 6<t^^tr. ^bx. 
iSiS 3 ^^iCTC^PBliUffgB 7 2 31 3 :*7n^FBl<ta*a^*:) 

-r^fcwtr^f). s^si^ji^mge 7 6 cws^^^n so 
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3 i^CTC^Fal J: 0 . ■fV—^r^Q1i'^^^X.^■)J^\Z 
[0 0 4 21 :/ni''^AgS7 4JC«. y— Affl©^^:/ 

JJi^l- tc fey- A coitfr^ ^®^flI■r ^ T'n ^ A fc^iW ^ 

[0 0 4 3] \'5 075i. /N>H;P4 0. T^-t 

iSf^gC 3 8^it LT{gS 3 ;^7C^FBlil?»g5 7 2 tc A:^ ^ 

4A^ib<Dmmizj:D, is.m3'A7t^mx<Du-z^>cfti 

-3 0©fi:g, :^rr6j*iUT>»PiS''fAlcSI^$n'5. 

T. iiwSIS^mtcSo*^. teS3;^:7c?^FBl(c*5tt-&U 

[0 0 4 41 6x-i:3i. zfi-—vm<D^ 

Fai-fe >+!- 1 2 J; 0 «fem * n;t 3 'ATtmrnizm-o'^ . ttr 

tc. 3 :;*:7c^FBlJ^»g5 7 2 tcj;0i^^$nyciii^1t 

0. 1 7 2 S^TiS^IS^) {g«3i>:7E;^FBl{c*>tt 
•5>'7— ;Uh*J^M^ (XW . YW . ZW ) A^e,. ZfV—^ 
5 0CD«.#.ffi«5S (Xv. YV . ZV ) JCj^S^^^n 

-e-bT. yi/—- V'5 oco^s^n. mx^-f^mipib^s- 

nT^5{ciii3ii^TfT<*«^<7)#;<|ti 7 2<oiii^iS 

7 ooiii»«^(ixi"j — >ffiS^ (xs , YS ) , HI 
■^s^tcT^i/-- \'5 o*^e.i,;JLsj^^sJcs«^^gi^n 

tt*«l^-r^^ffi^t:lI*tJS-r^^iJrf> 1 7 4. 17 
5. 176 («(B1«)#iJzf>tt#fiS) (^Sa^-t+tLT^ 
:S$nTti-2>. c:cOJ|?iJd"> 1 7 4, 1 7 5. l 

7 6(^cD^T«h--y hcDili^tt$g/&<. tI^iJ rf >«tct) L 

8 0{cai:^$n-5Cl<hi:;S^, 
[0 0 4 51 ^S^iif#^fi£$l®8 0X«, 
gP7 6*^^«(gSffil^ia^ 1 0 2 1 0;5^^. 

WjISSFal^^ 10 0 tOBt^^^Tjiff t)n-5. CK^iS^ 



( ^ 

II 

(0 0 4 6] EP^. mi StCiiliT. 1 0*^ 

m^^^&ms 0(^ict;i»T*-r7-<;u^'— 2 o oica 

«e>^.n-5o -^-UT. :icoi^spoi^« 1 0 0 (c*3tt^&® 
*ij^iHigS2 0 4tcT#i®m«{cii^gc;^?n. ww^n-s. 

^UT, ^:©«»r^^«, ^#H<> h^^r'J 2 0 6IC« 
^^K-y h^^r.'J 2 0 6(i. **iii»C3^ 

[0 0 4 7] ^^Bifia^«£S®8 otcti. m^mm<D^ 

mmizMfL-Lr:iy ^ y r 2 1 0;5<t*Jlc^?tlT 20 

V>-5, -ebX, 7^-^^JffliaK2 0 8{CJ:0, ^^h'-vh 
^^U 2 0 6tC«g-j2,StlTt.iS^^K-y 

^-c-^PKA'-^^T 2 1 oco^mm^mtz 
[0 0 4 8] 5^-^$(r<aiiai52 O 8 

y h ^'^U 2 0 6 tcS^iX*nTI/i-53S^ K hW^x 
— 5'**#fig^n. 7 ^' — ;i/ 7 r 2 1 0 (O&mmiiL 

m\z. m^mmmw^i eizj^o^w^nrzi^mm^m 

ittji^^tnwi^nrzm'^izit, tj:iz^m^&^n-r. c 
[0 0 4 9] &,±(Dm^ii,^^nfir>fzWi, y'-^m'm 

g52 0 8{CJ:0:7-<— ;H-VN*>;/7r 2 l Of)^^^mmiiL 

if^x— 5'«^^«s 1 8^m\^xmmnff^mm.2 o\zm 
^mti^n. zfu-\5 o«. n^f^^mi o oiciks 

«l^ffltS 1 0 2 *<ia*.jxin;t^^iii^ 1 0 4 ^ U T^b 

[0 0 5 0] fS-H. «±«Bi^W^«#€riA^<t, ^^5*1 
tBUlJ. caj>Ltf:7-f — jl/K/N-y7r2 1 0^2iiiS^>o 
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[0 0 5 1] {5Je3^^^:7C^Pa^SISLg57 2lCt>l.»T 

%^mcx7.^f.—i3 2 2^|Jmt)^n^^^m^. r 

AT'P y 7 ARC/Sf^SB 3 8 *^ G<^^f^fi^lc J; 0 sis: 

[0 0 5 2] *^iS«siT'tt. iKS«lfiiiSt«ffg 

§70^. (RS 3 :;*:7c^rBlJSIg:gl! 7 2 tffiH^iiil^siggB 
7 6 <ttc5i-tt7t;!i^ Cinttfi!a:W7it>«0T-^0, ^Jx!« 

EP^, jS^tbT. iSS3;*7c?5FB^t3*3tiT. yu- 
[0 0 5 3] Sfc. «^iii«!^*£»®8 0JC*3lt-5S« 

[0 0 5 4] «#iB»iKffgi5 7 6 tC:teV^T, i^^ 

3;^7E^F8l(c*itt^#;^CDS-]l-#sJc. *.'i;5^L;se)fiO# 

^rW^^^t'j JcOT^^^x^-^-if^^^i^fcb. cn^ 
[0 0 5 5] ^(n^ofs.j-ci7.=i-^-^y\f.ytft.mtix 

ill#i!!igigE^J-tDftfi^;ti|ii(cM ^T:1 <h;5iT€ -5 i: l» ^ 

[0 0 5 6] EP-^. U-->>i7':^-3 0 (c^ttbn;t+)- 
T. S 1 4 iC^nf J; 5 JC. CC0«!ft^;^>.7 4 3 Jr<t:0^ 

m^ti^'^:^<Dm^r^'\'^m i o s myjo^i&mm^m 

& 1 0 6 <*:^iii{l!^B5(;LT-?i--f h'5 ^— ^^iHg! 10 8 
^m^L, ClW-y-'f K5 ^— ^S^S^ 1 0 8 ^. T't'— 
•\'5 0 1 0 4<73+>-'f 4 IW 

^^^z9■i7x^y-?•y\d>■if^m^m^^x^tlomf^> 
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(b) {z^rm^mmi 0 4tmm\z. m:^<D^^m^ 
» 1 0 5 t'^^<D{^mm.^m^ i o e tf)^'^&^tirzm 

RZfmy3iZ:hit1r^n^mmt&^(D\^-zy>Cfti'-3 0 

c^^^x*^. j^ommwmziSi-si^rzum^&^^f^oai 

[0 0 5 7] mi 5\Z\t. e>i/^ffi^ 

ftt. mis (a) \z9ik-rj:o\z. ^n^'nffliiOK-A 

(b) (C^rJ:'5lC, ^S^^H^l 0 2±^0^9^yl/ 
f^5^sojgoTBycti^tc, m^yu~^(Dm^(Dm 20 

;^-3 I75^a53^c0l/-v'>^*"3 GtCiil-^^^glicM 

/vfct^iz. 2 0)mm{zm-Dtcmf^^^ 

[0 0 5 81 0 1 5Ttl. 4;^f^;5^b^^;^;<^ 

2 6 T&y l/-ir(7)gSgl5 2 8 ^if^T ^^^^ Lfc^^. 

m±mtf:^^izj:ommL. cn^a^ux 

[0 0 5 9] 0 16tCtJ. &.±\zm^fzr-C^7.^^-^y 
[0 0 6 0] gp^. T^^X^'i^'^^y tf >y#ffi{CJ;0® 

01 eizTT^-r^ofjimmzT^o 

[0 0 6 1] 3 :^7c^rBlSlg:gi5 7 2 J:0 ihfj^tlfc 

J^^VX , VY . VZ -^(DTjTiJ zfXD&M.^^JC-^^ 

nXl^^o ddT, ^^X^^-^-Jgg^TX . TY it. &/J^ 

CCO-T^^X^^-^'tf^ti, t"^X5^-VJ^^TX . TY 
^TKUX<5:LT'5^^X^-vlSltg63 0 8 tZf&S^^nx 
i^^^o ^UX, T^^X^^-V^H.^.J^^VTX , VTY fri. 50 
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^(D^i/X^^m^Tl . TY <D3^, &>t^U^>COJM 

[0 0.6 2] c:<^ii.#.iffi^vx , VY . VZ . RrJv-c^ 

xf^^iM.#.M^vTx . VTY ^ii, m/s.mm&^&3 

OOiZXtl^n^. ^LX, Il.^j^^^»gg3 0 0IC*5 

9-^ >cfm^3 0 2{zihf}^n^o y— ^^>yiHis&3 
{cufe7!i^oxj!a3^$n^e:^i>5:-5o 

[0 0 6 3] T'Dir^y-tfgPS 0 4X>i. &4vUz/>(7)M 
X , TY f)^Misb^tl^o ^bX. ^<D*46en;^c^^X 

5"^j|g^Tx , TY ittmmi^rzmmmm^T \^ i^Tstv 

X>^^-JI/KAu/:7rgS3 0 6(c»^ii^n^o 
[0 0 6 4] mi^m^f^mzit. c:<^:7^;i/— ka^v 

>'rg83 0 6 7:f^e-7^^X5^^J^STX . TY Tii^^^ai^ 

:in^y Ki/XchLX5=-^x^-viafegi53 0 st^^-s, 

^<Dm. ^^mm-^^i^ms oizT. m^m^mt 

[0 0 6 5] i^±(Dm&iz^o. mxirii^T{z^Tmw 
mmiz^ 0. if< K 5 ^- 4 1 {z-ty-i H ^ ^—m^mm 
1 0 875^^uffi$n^o eidx, it-r K^^— 4 1 ti. 

^nxv^^o 

[0 0 6 6] ;i<D^^, ^-r^l 4(C^T+i--r H^^- 

^^lU^ 1 0 8 (Dmrn^^^mTtDn^o wt^. 0 1 e fc 

^mmwsi? 2Bczfm^mmmw^7 eizjzomw^n 
-So ^fz. ik:^<D^^m^mi 0 5iit^mtiy<^ 4 3{z 

6 ^, ?^:;^o*?^PBm^ 1 0 5 (Dmi^^^^m^mm-^ 

fiEiSS 8 0 {Ccfc D fTtJtl, H ^ ^ 1 0 8 

y)mi^'^fS.^n^ z: ttu^o 

[0 0 6 7] ^tc, ^C01t-r K^^-S^iB^l 0 8 

itt. mi 6\z^T<koiz^^7.9-^m&^3 0 sizm^ 
F^. i{zMfiB-r^y^^7.^^mm(Di<Lm 

(C. dOit-Y K^^-S^ffl^l 0 ScOiii^fg^TSf^'S^ 
j^i^n^o "tcom. dOcfc^tcLXI^-'i' H^^-^^iSi 
^1 0 8;0^*^^^nyc{g^^#iii^l 0 2 §*^:^;< 

^ 1 oiz J:, oi^m^nrz^^m^m I 0 0 (hcoin^^^ 
y)^. ^^mm-^^mms o^z J: oi=Tt)n^o zLtwzx 

0. S^iif^l 0 4<01t< K^^— 4 1 tc. it-f 
-S^®^1 0 8:^^^7i^^n;tiii^<^f^^-r-&C<i:;0^X 
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[0 0 6 8] sfc, mi e^z^TmmzjiO. ffl^yu 
^Ts^^mm^s 0 sizm^&^ti^o m^. j-ot.^ 

\zn^.'t^^^7.^\Wm(r>^mZs ^®:^;<^2 6(C 
J: 0 ^ 5^ U Z JU^ A ICS ^ i^, ^ n 

;intc<i:o. yu— \'5 075^^a^^^s«5S^s«^ 
^^iBiggP3 0 ^\zv^^'fv-'^<D'^^ntmm.'f-^h 

[0 0 7 0] Sfc, *llig0iJlC*3tt'57^^X5"^'T^y tf 

[0 0 7 1] \^x^L(r>m^(Difm:mm\z^^ . c:n^T<o 

[0 0 7 2] fin^. fif*COK^<h->^y-AT 
tt, -y— h^^^^LxHiTy— AlSlST^^yU— 5 0 

^mz'KV^^hiz.^t^'^'DtL. z.twznx^T:. -^-^mm 
^\%. yi/-ir5 o^i^ij^tis 6 og^^^r^a^^^^ t 

— 4 1, /X-y 5 ^ — ^<5e;S-r^c<hf::J:D, ii^^^^iHt 

[0 0 7 3] ^tL. if-nmmxvx. yi/-- \'5otj. n 

3'A7L^m{Z^i'i^:$:m<D[y-zy>^tt-3 0 izmmr 
y-Affl<7){gS3:;^7C^P^1TSStc^^-d:'5Cl^7$>^ 40 

«fBg<!r;^j:o. j:om^nmz&^*\.^rc{Rmn^^i^mT' 

>>y;^-3 0, ^'<-\'3 2. ')T0<> 
^3 4(7)®?^, V-i ^-4 1 tC^^^-Sffi^yu— 

<h*$:, ^m:h^^ I o^mcrmmiz^'Ti-o^mx-mmi^ 

;^;0^^U-i>>^*-3 0<£}gf^-r^c<h75^T#-5o H 
tC, Cc^yu— 0 7)<fSf^T^}tf^gi5. mt>/\>\^)i^ 
4 0, fhg§^4 4, i^y h^YU 

^*t>, ±ie<h[^t^tc^gk:^;^^ 1 0^iSL;T3IK^icS53^ 
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f)^:km\z\^±l^. ^'-A(Dm^^h:k^\zi^±'r^zt 

$n«, cto. esi®®ain^y-A^}i§t-c#'5:i<ht 

[0 0 7 4] 03tcfj, ^mi(Dmmm^yy-f hi^zi. 
^ u—i^\zmmi.rzm^<D{s.mi^mmm(D-mti^^^n 

[0 0 7 5] 03 (a) T\ y ^ h 4 5 (D^(D:& 

'^yh\zmm\.rc.^mhmm(D^mzj:K). ^Jskm^i 

0 4mtisbii^^n^o z.o)m'T:^m3 (b) ic^^n 

d CITS 3 (b) (cfs, £{W^3:^rS]c7)^^rpm^ 

1 0 0 {zumm^mm 102 ^^is^ij.^. ^^mm 1 0 

[0 0 7 6] izcom-^. m^mmi 0 4i,zmLm^ti^ 

mm\^. /Uayh4 6h^'S4Sh-t:mfSir:>fz^V\Z 

^z.^:i^\zfSi^^ dtifi, iSS^^iii^ 1 0 2 tl, y 
\'fflco^Pp1-tr>-ttl 2^ffll>T, /'?-fn^yh4 6, 

h 4 eizitt^^Ui^^hi^^-Df^f^m. m^m^yimzj^-o 

[0 0 7 7] MtC. /^-rn^y h4 6^1, 

1 0(CJ:03'y^hf^;/ h4 5 (7) 4^ IC * ^ Igfp 

S4 7, ^asi?4 2, ^'m4S(Dmr<ii^^^uy^^^mn 
fistc, mmxmiiFV{z<i^L\^^t:>ti^Mnm(DmiiFi^4 

7^, eft^;^^^ 1 0{c:J:OII(S{cS^(7)gT'Wci:;0<e 
[0 0 7 8] gp-^. 0iJ^«. Z.n'b(Dmf^&4 7 . i^m 

m4 2m^h±Tmm^mzjiioiiFom'tyj^\z^^ 

n^Uy h 4 6{Zh':>XC0miP^i(ti^^^\^^t>m^^ 
\ZX^f^t^(DtU^. UT^^t), C.<Dyj^\Zj^^t. 
ayh4 6{Zy'—i^^a — y^^m^'tt. C<D^— 

4 2(f:/t<D^y h 4 6 75>^*<t*(OJ:-5<cJtfP^fTofc7:^^^£^ 

my)m±x^ ^{z^ -^-^^^t) e -r , /i< o h 4 e <Dmi^ 

^til^Sli-^T'^O. /t-r D*;/ h4 6CO}ifP^X7:^^^t/> 
[0 0 7 9] Z.<D,^. ^mmmX^t. ZlyC/\fyh45 
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4 8COm^fSiiih&5mizm^T^Z.tA^-C^, Sit, » 
5 4 8 fcM?i<i: tm-S C i: 

2. ^2<DSI®0iI 

n-5. sfc, 0 6ic«, :ini£D— ji/^u-o^yy— A lo 
[0 0 8 0] 0 5ts^-rj:^tc. :^f&2commmii. * 

fS StC^^ML. COj^iSfflStSS 8fC 

[0 0 8 1] *^2<DSIJg0iJ<£rigfflLfca— ;P7'U'-1'> 

i^-^-'-Al*, 0 6 (a) ^'i>\z.^-t i:.oii.m.-&. 

fip-S. «Sffla§s5 8. 0ilx.«^J6 0^£R>r}^Lfc^ft§:<0 20 
T'l^-- V5 0, 5 2^if)i5"-^5:iHA.T-®[+■^7^7^'- 
^*:9^SlfbT*3 0. S«^3^gP2 0(CB*Lm$n/i« 
^iSMll 0 4^&B^75<f). '^*— A^l/'f i^fToTI/i-S. 
[0082] 7h^^->3 >;P— A 1 1 0 ^CDrtfid 

->3 >;P-A 1 1 OCD^#gE(Cti. yi/-- V'S 0t?C0 3 

SilJ 6 0 « 3 i^Tcff ^€r«iai-r-5^PBl-fe >-y- 6 4 0 
fttt^nxv^-S. ^KDT h^i^i/a >;i.— A 1 1 OH. 

(cy- A y u-r -r -5 y- A ^ra i: « « 

h5i^i^3 >;U-A 1 1 0^g5j-g#T^^;^75i 

[0 0 8 3] 06 (b) »::t5l.iT. S^FbM^ 1 0 0 
ti. Vs 0{::ltD{1-tt^n>c?5tt^;^^^ 1 OA^e 

OJCti. r'';i/-<737 h^i?->3 >;i'-A 1 1 0«-«^<h 40 

LT. e»e#«^5 4. e<OHt[(c^i^^2 ©yu— \' 

5 2l?*i?*uai$n^. CWiS^fC. mlB*:^ 1 CDI^JS 
^rffl^^^b. 1 0 4<&f^0t^lUT^i■5. ZL(D 

Jc:. 'ir--A3SrBl^«?fi)c;-r-5ai^. Hy. fS^fe^tca^ 

[0 0 8 4] c:cD<fc5«t«lfiEi:-r-5Cli:lCj;0. T'l^— 
-\r5 0«. ^^iaS!l 0 4^^/a:;i5tt,. ^2C0:/l/— -V 
5 2 i:«l.;5>-7jC/<»<baSc+-v ^57^— 6 6 S-MTdtTS^nlflg 50 
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Atf;^l:f-:^ 2 2S:jii;TfTP, Sfc. ®+^^^^6 
[0 0 8 5] 0]^. **g6a§§ffl^FBl-tr>-t}-6 4. 6 4IC 

iO. 3:;*:7c«^. 0iJK.«^«6 0ofi5[gRtX:^iiii^«|ffi 
•r-5. -tUT. coide 0<^)3;ii:7c1tSiSrSic. sstc 

^TiSSS^TC^rBm^ge? 2lcj:0. ^60JCj;-5® 

S^n^, ^LT. ^Vi\^tz.^^\Z\t.. y-A^FBl;fett 
•5fi!(=»^1'5^:'^-6 6<&?NM$-tt-5^LT. cn<&UT 
;i'5'-1'A(c:/U— V5 0. 5 2^COiii^^S^^B2 OtC 
«5^-r-5. Cc^ig^. #7^1/— ®=^^-\'7i'3'6 6 

■5. CtD^^JC. ^HiSCUTtt. yi^— V5 0. 5 2^ 

(Dmm\z^-ox. jgfiK^n-sy-A^SFBicDi/*— AiifT^ 

[0 0 8 6] ^CiJ. *Sll«0i|T«. &:/U---V©y-A 
^a. fiIJ-SaSc+-\'7;i:7 5'— 6 6<£^ISb7tS:;k<h*7&<. 
Lfc*t«ffl^r4-fe>it6 4 7!)^e<Z)3*7nW«J$S(C. y 
-AfiK;^ia»gB6 8SrfflliT^»$n. il»B£Mt)&:/ 
l^— V«iiiflfe^S^S®2 0^{cai:'3$n-5o ^injcj: 
0, y— AUT^. fcU<tty— Att'tCUT^I/^'-TA 

T'. syi^-iri^y-AfiK^, ^-Am(D^'-A^mf<si 
a^mm-r^^iiA^T^^zitizfji^, dcoi^^. s-^ 
I/—- ^'ti. ^-n^noyi/— \'<^^BijSr'j7';i/^'-f Afc 

[0 0 8 7] S/i. *IIJg«SJT«, yi/— V5 OtJ^^^ 
;^-5^2(7)yi/— ^5 20elt^«^i:LT. B*^*;*^ 
1 0{cd:OM^^n-5Sg^FBie^«^ffll'^fc75^ 

2iz-D{,^xitm^ri\i^m^m^^-r. {s.m3:k7L 
^mi^ms^7 2iz^o-^0^vrc^^^^^^m\'^xm^ 
Lxhj^iK c:co«fc^tc-rn«. y-AiO«itfTLTeft+ 

^ ^/7^_6 6 €:e(|-r(C-r)nT^2©yix— ^>&xi<t;$ 

itx«p<m(nfi^tm^^^m^z.iiA^x^, j;»3y-A(D 

[0 0 8 8] c(Dj;^tc. mo-yi^—voym^r^i^m^ 
mm'^fiSivtz=^^r ^ ^ '$^-miSnz^s.^-tt^^mtLx 

mzmo&o)mm7,-y, ^so7 h^i'v'a >;1'-a 

1 1 0CDf^fi9c!:jg^fe<:0®H;^-'7<£r^^5-t3-. 1 
OiB^^eeSrfTO, BP'S. f^2<Dyu—ViZli.U>y 

^<Dmm7.—y^mm^it. efc^*;*^ i o*^e,. ccd 
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mmi:m^m^-rtni. n^mmm i o o ic. m 2 
mm^^titzummwmm 1 0 2 s:a^a»^-r-5. c: 

OiB*. ^2<Dyu— \' 5 2 3i«^1'5i7^-jatfelC^M 
CDJ;-51C^2<Dyi/— \'5 2®iii^S:^S-r-5^ffiiU 10 

[0 0 8 93 **]6fi«aJTtt, ^*«ffla^5 8 izL 

T»J6 0«:fi&fflLTt^-57>^, *IIJgfiai«CinfC(!g e)*!^ 

dCDW^li. E 5 ic^T J: -5 {cigS 3 :;^i:7c^Pb1 

[0 0 9 0] 0.7 (a) tCfJ. it:|IMCaj^5'r K:^riCO 

[0 0 9 1] c:»7' h^^7->3 >T«. T'k— \r 50. 
5 2«aS§gl 1 6J3^^L. ^:K)JK«§ 1 1 6tt. Th7 

i7->3>;i/— A 1 1 orttcS!(75^nfcu— ;n 1 8±<&^ 
i(iUT($<. T h7;^->3 >;i'-A 1 1 op«qtc«, 

-A 1 1 o<^rtW{c«7';u-cDfifc^enfc«^v>' h- 

1 1 2d<|gtt?>nTV»-5, ^LT> yi/—- V5 0. 5 2 30 
«. ?1£^»t6 2(Ccfc0giJ=t^-V7i':5'6 6^^^igi:L 
T. y-ASrggUi^^. 0 7 (b) dCOJ^^cDH 

[0 0 9 2] :^nm&i^.. T h^5'->3 >i£iStC^iJfflL 
[0 0 9 3] S-r. C:tl*T'C7)iia<0T h^i7i/3 >J® 

t>. Ml 2{C«tL|±i^n-5)y-A^PBlW{gi® 

Sfc. mimUfzJioiz. {R«3;^7cSSFBlislSEge 
7 2Jcy-AfiEMiS^gB6 8<&IS:H--5i.*:lCJ:»3. M 
fC. ^m^izZ-tiizMmX'^^, 
[0 0 9 41 BDt>. \'*<S-^^ib/c®4^^^ 

i7^-6 ei^jgc^rUTJi/^-fAicy-ABKiaiKiLgpe 8 so 
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-cmni^. z.(Dmt>^tLrzm^'fycr^-6 6<omz 
isimm^m 2 0 {zm^-^it^isLBmm 1 0 2 $r^<b^-ii- 

1 0 2lClfcb{iS$n-5®^i'7i'5' — 6 6<0gc<&i@ 
tf-S, M(c. {g,««#®®l 0 2±J::^S^5-a:^>;r— 

^^J^fiEt LTt)J;^n c:tltC<tO. Cl©Th7^^->3> 

<»:CD7Si/i7'h^^->3 >ig^<£:M#^t:^SC:i:i:;5:-5. 
[0 0 9 5] *:|||fg0fjCD. %0—'0(r>nWiX. CICDJ;^ 
fciS^© ii;^U7 h ^ i7 -> 3 >jig^$>||:gT-^-5 (c 

7 h^i7>'3 >;i'— Af^OTv'^jT^V 1 1 4^tC 

[0 0 9 6] J»S 1 1 6 3&<l'i*3l0.5 v^i h n 

(ctoTJzox'j 'j>y-c. xtf-K^ajn-57 h7i7 

->3 >5:^iKT-#-5. fiP^. rz.-- 

m\z\^^^(r>-:fv—\(Dm-h-^-^Wi'&mt. UTB-s ^1 <h 
[0 0 9 7] *;t, ->*^^-7 r 1 4;6i. T'U— 

m:mm^mmLfz7h=^i7zy3>\z^^n^. . 
[0 0 9 8] ig8tc^-r7 h5i7->3>(i. ^ffl^ai 3 

4 {CJ;^MTS:OCiEH^^m65{C^*:glT€^-57 h -> 

3>T*^. 

[0 0 9 9] CKD7 h7i'>'3 >T«. 08 (a) (Ctp 
fJc^lC. ta.^OiZfU-'VA^, ^ffifitt 1 3 4 O^aiK)^ 
^f>l 2 Ol^JC^Di^itJ, ^fflliS=^^-\'f>l 2 0f*q 

yu— ir*«iS»tc®^jSfilE1f 1 3 2. «fPMi 3 0«. 

•5. 

[0 10 0] f> 1 2 Ol^^c^OJ^^/£7'^ 

}s«E^tcEs^nyt«i^± 14 6. gj^ffi^± 1 4 7 tj. 
mm^mmi 2 2icH5iSL/c-/;u--7-y h:^^iCcto?* 
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0l::^^LTt.i^o co«S^. ^ffl/iS 1 3 4(;iifio'i'^T 

< §«H 1 4 0 (D^^:^f)i. mm± 14 6. gJg|fflE± 1 

4 7. StS^l 4 8 chTST^-r^TB^^ct'StC^ST^^ 

[0 1 0 1] ®^ffi(cSB^$n;tltl»^l 4 8, 149 

4, 1 2 5(cy;i/--Tu/ h;5'^C;tcJ:oeftLffi^n 

fCUTJU^-r Ate. t)L<tiy-A;^T^t':i:Mc7)^ffl 20 
M CO y- A <h L ^ n ^ C 7^ ^ o 
[0 10 2] ^8 (b) \Z^T<^oiZ. 

•nm^^i<ts'^m^\3 4\%. miM^m\^^fz.^mumn 

[0 10 31 z<r^^o\z. ^n-^'ncoy 
\y-\tmu^\^m\z'D\.^x. m^x-^m\zm^'^m^ 

[0 10 4] ^x±-\zm^n\.fzmMmx\tm%.n^^ 

95 2 0 ^hili^-g'^gp (^5 tc;Btt^{K2®«#iij^SI^3^ 
B7 0, S^iii^^^SBS 0^) 75i^S'J^<^«^(cffiS 

^n, j^^^i 8{cj:o^n^»igg-r^^^<hUTv>fc 

[0 10 5] Z,(DmrmT h^^i^3>\t. 09 
(a) , (b) (C^t*J:'9{C^gPg^^9 . ^:^fSjaE^ 40 

«gi 6 0. ytm^e z^^mi^fzy'iy-^s ot^^ ^ss 
1 5 0[^^^'^xm^r^/)^^mi^^'^i^i^'-6 e^mr 

t\^^vm^(DT h^i7zy3>X$>:bo C CO J: ^ ICjJ^K 1 

5 0\^^^ibm/oXn<<k^rj.T b^C^iya >Xkt. ^ 

-^\^mmmi 6 oiz^omji-oxi^^^. u^. ccom^^ 

[0 10 6] Z:iX. 5 0\Z\tt. mi 5 2. 1^1 50 
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\ 5 4, 1 5 6. i^Y 1 5 SUEf)m^f^nx 

^^^o ^UT. Si 5 2\Z\t^m\z:/)i^-'^y ht^^f)^ 

^^Z^JU—'^y hf)^^^^nx^^^. 
[0 10 7] ^rz. Xl/^-5^15 6. Kyi5 8«, 

^5 0;6^ail/^-^7|^^>>&ff LTXU^-^^B3tt/c 

^(D^t)^'bS^i^^' ^ ^ 6 ei^mzfOiLXK^J:. 

y-A(Dy h^i7iyB>^zmmr<iiho)tu^o rj:^. z. 

3. ^3(^||iS«?*J 

01OfCfl, *^3(^llffi0y^C'r>V^T^oya^>;^Ia?^^^^ 

y ^zmmi^rcm^\zr:>\^^x^i.r:if}^. :^mmmitt:iniz 

[0108] a 1 0 (C^-Tct -9 (C, 3 (DUiS^fri, 
:*:^lCD^iSP[|(D-5-5^fPgB3 8*, 

8 4, s eRif^mw^mmms 8. 9 0{z^m.iyrc^ 

-So 

[0 10 9] 011 (a) (C^i, :^^2CO||^0iJ<^®ffl 
:fU-^'5 0y)K -yU^JU—Al 6 2p^{Z:$ol^X. 

(D:=i)\^y hmimm(Dm%xumn^^wmt^ z.t-^^ 

[0110] lail (a) iC^Dt/^T, yi^-iJl^—Al 6 

2f^ti^Ty;u-cDfefc^e»nT*3 0, yu— ^5 0 
[0 111] z.(Dm^. yi/-r;u-Ai e 2rttcii, i£ 

m 3 :;^:7C^r«1iSS:gB 7 2 tc J: 0 0 m ^ tifc nVU y - 
X(7)iii^;^5^®^S^^B2 OS^UTSfeLffi^n. ^1/ 

\^<t. ^o:>um:fj\^\z\t. mi 1 (b) (i^-Tct^ 
(c, z/;i/:7:3-7.(D^U-> 1 6 2 ^5KL;'tteS«^S 
^1 0 2;;^^^L'ttS^nTV^^o 
[0 112] ^LT, yi/— irS 0;^^r/;^:77t^->il^ 1 6 

6 6{t. 7j^-jU^^;^/^8 4, 8 BiZ^Omm^tl 
'€-LTC:<0}gj^^^(cS^'(.^T^®i^^ai^S8 

8 . 9 oizjzo zf)[^yni-)u 1 6 6 (Dm^ummf)^mw^ 
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izj:o:/\^-^5 o\t. e^)^co>-3^y hUfc=^>^^:7/^^- 
;l/l 6 6f)^Cf^J — >l 6 2\Z\pi}f)^z>Xm/vX'^<mi^ 

[0 1 13] :k^Z. Zfjl/:7 3J^->IH 6 6(D^m{^mm<D 

^mz^\^^xmmT^o 

[0 1 1 4] 7t^-;U^^:^>c^8 6, 8 9fl. -f;i/7^ 
-;H 6 6^a^}g;^-r'5fe<^T&0, 011 (a) 

;5:^isi^T>^;uicT^^^n^o ^i^xz.comm^- 

2. 9 4{Za'^mOyiy-Ay'-l$^hVXXti^tl^o 
7^-5^attlgP9 2, 9 4Tti. »Sffl:^{CJ:0^-;K^ 
l§]^x--^<^^7&^a/ii$n^o m^. :^;P>^4^-;H6 20 

[0 115] tt^bn^^ccoH^^-^^&^b, mm 
[0 116] um3:k7i^mmns^7 2x{t. f^mi^m 30 

2oco2^7cM^;5^^. MS3:;*:7c^F«1i^T(7)3:;^C7nJ^ 

mmT>^jiy)^^ii:/^^cmim^nx:^D. CKO 

SBtS-^-^ch. «^tti$n;^c2oc>2:;i)(:7cM^;!i>e, {^S 

3 'Ait^mp^^xoy 3 ATtmm ^^ab^zit T^^ojm t u 

^LT, :i<D^ib^nrc3A5i:mm^^^. m.m3A 
7t^mxo)-fj[^y7fs-)u I 6 6<^tfiii<£, e^y^tfxy^ 

[0 117] 7i4a, 6 6 0«imo)m^(D 

^iitLxiit. ±$iLrz^<o{zm'^'rm^ (D^fi^m^^^ 
^z.t:^ix^^o n-Dtzyji^t. ^>/t/7hco 

[0 118] ^fz. m^\ii:/u~-^ 5 ocowom^mn 
^u->i 6 2f)^ibM.rcm^^mmm9r:mm2 oizm^^ 



&7 6xm.^^m^f=Tvm\z. ^.^cisg^yu- 

>1 6 2±(C^^t-tl«cfc(.ic CCr)J;3lcrn«< ^U- 

— \'5 oirt. iiiS(c=f;u>'7t^-;n 6 6*^yu->i 6 

2{zm/vXn<mi^^:. rf;U:7;}^-;H 6 6;^^^U-> 
1 6 2^cal^T'*^^^<£|^B$IC^'5C:^:;i^T'^, SSI 

<D-tjuyyu^x\rtm^tiu\^^^i^-(mn^^Ltsz.t: 
[0 1191 &s±(Dm^<D:^mmm\z^n\tt. yu— \' 

5 0(i, y WJU-A 1 6 2rt*c:T. Il^tczfju^^n- 

\z. z:<Dm(D7fs'-)[,^m^^rzm^. «sjAtf=f;i/:7{c43ii 
TJi. 1 6 4(cJ:0rf;u>^7j^— ;n 6 6^S/3 V 

y^^-jii 6 6^. &\^ittmm^mzj:K)iiFomurz<D 
^i-v mz. jEmuy.^^-y:f\y-^nmr^z.^y)ix 

[0 12 0] Z.n\zMLrX. :^^mmx^t. zfJly^^ 

yi6 4, zfjuy^^-jki 6 6, s^^cDx-i >^m^. 
v^m:^^^ 1 o^mcxm^nrzm^rBmm\zj:oM.^ 

x. mmms^n^zf)iy':fi^-^mi^tsz:^jf)^x^^z: 

^Lxmmy3:h(Dhr^^. 

[0 12 1] fjii^. :^^m\t±nmmm\zm^^n^^ 
(Dx\tr^<. :^^m<DmWf(Di^mpmz^^^xm^(D^m' 
mm^^^mx^^o 

[0 12 2] m^Jti. :^mm&nz:h\^^xit. u^mm^m 
mLm^m^mt^mm^0!i'r^^iii:LX'y)\y--^^y 
hyj^^m\^^tz^K :^^m\z:h^'f^mm'^mtz.n{zm 

^mm-r^z.t:^^x^^. 

[0 12 3] ^Tc. :^mM:^mm'^n^i^mt^mmm 
:^mmM{z^[^rzh<D\zm^~rm^<D{^mmm\zm 

m>^<Di^m&m{zmm-r^:iL:^^'^mxh^o 

[0 12 4] 

[mM(Dmm] ^mM\z^^^mm^0S.mmizxniti. m 
WM!^mm\zm^m^m^mm^f$.T^:ity)^x^. m 
i^mt. iEm3A7t^mizmm<Dmi^o)mmm^ji<^ 

[0 I 2 5] Z.n{Z^O. CSJx.«H:^-f f>yy"Atc 
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l&H^Srlg L O C <»: ^ .So 
[0 12 6] ifc. y— Affl=»^-v^^5'-<hCQi*@ffllC 

[0 12 7] MIC. tf—Ai$.m^mm\^. dnjcsoa^ 

mi] ^^moimKT^mmmcDm^Si^^'rzravi^m 
(02]^io*iS0ii<&H5-f ii>i/y-Aizmm i^tz. 

[0 3] momfiCSJ^^^-f h->a5U-^'fcSfflU 
[04] ag6g«P#:OTJgtR{COI/iT*-riil^SttB^0-C* 

^. 

[0 5] ^%m<r>m2(D^mm<Dm^^^-r-:fu yi7m 

[0 6] ^2<D|||S0iJ^n-;i/:/U"f >yy-A»Cigffl 
[0 7] ^2CD||}S0sj^7'f H;^SC«T h7^/->3 >{C 

Sffl Lx ^'c^^ ICO liT^r ili^iJi?g0T-d& -5 o 

[0 8] ^2O||iS0iJ^^ffifi(J<^^cr)y h^i'i'a >IC 
mm lxfci^^lc:3UT^rtitl^itt^0T-ab^. 

[0 91 m2CDlll^«sj$:^fTS7 h^i7->3 >lC®fflL 
fc«^lCOtiT^-r«lBSift?q0T-«.-5, 

[010] :^^m<D'm 3 «3^iSC«l«i|iEE<&^n-ry D .y {7 
0T*^<. 
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[011] f^2<Dnmm^::i)vy{^^mm\zmmi^tzm 
[012] ^^mm\zi=n^&.m^mz^\,^xmm-r^ 
[0 13] «*H#^^siao^B£(D-0g<£^-rMKy 

[014] t)--f K= 7-IC®^S:«^-r-5^j£IC':P(.iT 
[015] 'r^:^^\-^-y\^>if^m\Z^K). ffi^T'U 

10 -■ vo5Sicsi^raMfife^ttot)it-5^ffiicoi'iTi«?q-r 
[016] 5^i/x^A'V->e>y^fe<&3^s-r^fc*i)« 

10 

1 2 ^rBi-fc>-9- 

2 0 ®»«^^H 

3 8 Itf^gP 
20 5 0 yi/—- \' 

5 8 ^iSfflSiS 

6 4 ^!SSCggffl-fe>-y- 

6 8 y-Aj^KiM^StgP 

7 0 

7 2 te«3*7C^FBlSl^g5 

7 6 ^^iSlfeS^ffgC 

8 0 ^^smm^^^m. 

8 4. 8 6 5}^— ;L'5*^;<;;<^ 

8 8,9 0 ^WiWi^mmm. 

30 1 0 0 H^^Fe^eft^ 
1 0 2 (SSMI^iSSt 
1 0 4 ^^H^ 
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